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The Sipunculoidea, Echiuroidea and Priapuloidea dealt with in this 
report were collected Irom the adjacent seas of Japan by the surveying- 
ship, u Sdyd-maru ” of the Imperial Fisheries Institute in Tokyo, Japan. 

The species on which 1 have recorded here, arc thirteen in number; 
of which eleven belong to Sipunculoidea, one to Echiuroidea and the re¬ 
maining one to Priapuloidea. 

Of these forms, two are those uncertainly determined and four are 
identical with species or varieties previously known, while the remaining 
seven seem to be new to science. 

The most remarkable fact regarding the collection is that there are 
found some specimens of Priapuloidea. The occurrence of Priapuloidea 
in Japanese water is reported lor the first time. 

The following is the list of species and varieties: 

Sipunculoidea. 

1) Sipunculus nudus Linnaeus. 

2) Siphonosorna sp. 

3) Phascolosoma vulgare var. tropicum Sluiter. 

4) Phascolosoma margaritaccum var. antarcticum Miciiaelsen. 

5) Phascolosoma appendiculatum , n. sp. 

6) Phascolosoma glossipapillosum , n. sp. 

7) Phascolosoma hyugense, n. sp, 

8) Phascolosoma nolo , n. sp. 

9) Phascolosoma signum , n. sp. 

10) Phascolosoma soyo , n. sp. 

11) Dendrosloma dhpticum, n. sp. 

Echiuroidea. 

12) Thalassema sp. (?) 

Priapuloidea. 

13) Priapulus bicaudatus Danielssen. 
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1. Sipunculus midus Linnaeus. 

(TL I, Fig. 1). 

Sipunculus midus , Linnaeus, 1766, Syst Nat 12 edit, p 1078; W. Kefkrstein, 1860, 
p. 1; 1865, pp. 418-419, 1867, pp 44-45; W Baird, 1868, p. 77; J. 
Andreae, 188L, pp 477-181, 1882, pp. 20-258, Pis XII-XIII, E Selenka, 
1883-1884, p 92, 1885, p. 22, H Ward, 1891, pp. 113-182, Pis 1 -III; A. 
Shipley, 1893, p.327; 1899, p. 158, W Fischer, 1895, p 9; 1914, pp. 1 
28, 1922, p. 5, PI XXVI, Figs. 5-6, Metalnikoff, 1903, pp 297-371; I. 
Ikeda, 1904, p. 31, 1905, p. 169; R. Southern, 1913, pp 1-46; J. Gerould, 
1913, p. 428; R. Chamberlin, 1920, p. 30, L Cuenot, p 14; 1927, p, 249; 
A. Ten Broeke, 1925, p. 2; H Sato, 1930, pp. 2-5, PI I, Fig. 1, Text- 
fig 1. 

Spec. No. A. 196; Station 271; N. Lat. 33° 19' 30", E. Long. 134° 

12 7 15"; Depth, 421 m; Date, July 19, 1927; Coll Konishi and Yama- 

SHITA. 

Spec. No. A. 417; Station 297; N. Lat. 30° 57' 30", K. Long. I3f 

23' 00"; Depth, 516 m, Date, July 11, 1928; Coll. Kamiya and Morp 

moto. 

This extremely common species is represented in the collection by three 
specimens. The first specimen (Spec. No. A. 196; PL I, Fig. 1) was 
secured at a depth of 421 meters off Muroto-zaki, Shikoku ; and the remain¬ 
ing two (Spec. No. A. 417) were obtained off Sata-misaki, Kyushu. 

The first specimen (Fig. 1) is smaller in size than those previously 
obtained from the other localities, and measures about 65 mm in length 
and 7 mm in width. The colour of the skin is light dirty purple when 
the animal is preserved in alcohol. The number of the longitudinal 
muscle-bands is 28-30. The intestinal convolution consists of about 10 
double spirals. The rectal diverticulum is absent. 

The other two specimens are smaller than the first, and the skin is 
thin being rather translucent. 

Localities . Muroto-zaki, Shikoku ; Sata-misaki, Kyushu. 

Remarks. Judging from these characteristics mentioned above, namely, 
1) the smaller size of the body, 2) a small number of intestinal spirals, 
3) the absence of rectal diverticulum and 4) the translucence of the body- 
wall, it seems to me that all these specimens represent the young forms 
of Sipunculus nudus . 


2. Siphonosoma sp. 

Spec. No. N. 66; Station 242; N. Lat. 35 Q 15' 45" E. Long. 139° 
27' 30"; Depth, 101 m; Date, Nov. 7, 1927 ; Coll Kamiya and Morimoto. 
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The collection contains a single extremely imperfect specimen, the 
posterior half of the body being torn off. 

The skm is thin, and shows a grayish tint. Hooks are absent. The 
circular muscle layer forms a continuous sheet. The longitudinal muscle 
layer of the body-wall is divided into about 17—19 separate bands. Two 
pairs of the retractor muscles are found inside of the body-wall arising 
from the same level. The ventral pair arises from the lst-2nd longitudi¬ 
nal muscle-bands, while . the dorsal pair arises from the 5th-7th. Two 
segmental organs are present. They are long tubes of a reddish-yellow 
colour, and are free from the body-wall except for their most anterior 
part which is attached. The external apertures of these organs lie between 
2nd and 3rd longitudinal muscle-bands at the level far distant anteriorly 
from the anus. 

Locality . v Sagami Sea. 

Remarks. Judging from these features above mentioned it seems to 
be quite certain that this from is one of the members of the genus 
Svphonosoma and is closely allied to Siphonosoma cumanense (Keferstein). 
But owing to the imperfection of the specimen it is impossible to settle 
the specific name. 

3. Phascolosoma vulgare var. tropicum Sluiter. 

(PL I, Fig. 2, Text-figs 1-4) 

Phascolosoma vulgare vai. tropicum , Sluiter, 1902, pp. 33-34. 

Spec. No, S. 2; Station 61; N. Lat. 40’ 03' 24", E. Long. 142° 11' 
32"; Depth, 170 m ; Date, July 21, 1926; Coll. Marukawa and Yoshida. 

A single specimen (PL I, Fig. 2) was obtained at a depth of 170 
meters off Fudai, a village on the Pacific coast of North Japan. 

The trunk measures about 35 mm in length and 6 mm in thickness. 
The introvert is about two-thirds of the trunk-length. 

The body-wall is thin, pale gray in colour and appears nearly smooth 
to the naked eye; while both in the anterior and the posterior regions of 
the trunk, the wall is rather thick, being yellowish-brown in colour and 
appears rough to the naked eye. 

The papillae in the middle region of the trunk-surface are flat and 
elliptical in the surface view, measuring about 0.09 mm in major axis and 
about 0.065 mm in minor axis (Text-fig. 1). At the introvert-basis and at 
the po^rior end of the body, the papillae are extremely tall and are 
cylindriwff in form, measuring up to 0.13 mm in height (Text-fig, 2). In 
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the anterior region of the introvert, they are also cylindrical in form, but 
are much shorter than those on the introvert-basis, measuring about 0.04 mm 
in height (Text-fig. 3). 

At the anterior end of the introvert, behind the tentacular crown, 


there are seen a number of hooks 
scattered irregularly. They are 
dark brown in colour and are 
bluntly pointed at the top. Each 
of these hooks (Text-fig. 4) is about 



Text-fig. 1 Phascolosoma vulgare var. 
tropicum Sluiter. A papilla from the 
middle region of the introvert. X5S0. 



Text-fig. 3. Phascolosoma vulgare var. 
tropicum Sluiter. Papillae found on the 
introvert. X145. 



Text-fig 2. Phascolosoma vulgau* vai 
tropicum Sluiter Papillae found on the 
posteiior end of the trunk. X145. 



Text-fig 4. Phascolosoma vulgare var, 
tropicum Sluiter. Hooks found on the 
introvert. X 580. 


0.065 mm in height It has a slightly curved apical tooth but is not 
provided with accessory tooth. 

The tentacles are filamentous and numerous in number. 
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The longitudinal muscle layer of the body-wall is continuous. The 
inner surface of the body-wall shows a pearly lustre. Two pairs of slender 
retractor muscles are present. The ventral pair arises at the middle of 
tip trunk, while the dorsal pair arises far anteriorly. Of these two pairs 
of muscles, the dorsal are narrower than the ventral. A single stout 
spindle-muscle arises from a point located behind the anus, and its poste¬ 
rior extremity is set free from the body-wall. There are three slender 
fixing-muscles. Two of them arise from the dorsal wall of the trunk, 
while the remaining one arises from the ventral wall of the same. All 
of these fixmg-muscles are attached to the anterior portion of the in¬ 
testinal convolution. Well-developed wing-muscles are found attached to the 
rectum near the anus. The intestinal convolution which coils around the 
spindle-muscle consists of about 40 spirals. It is free from the body-wall 
posteriorly. Polian tubules can not be detected on the Polian canal which 
passes along the dorsal side of the oesophagus. A pair of segmental 
organs are present. They are comparatively long tubes of grayish colour, 
and hung free into the body-cavity. The external apertures of these organs 
are situated almost at the same level with the anus. A pair of gonads 
is found lying along the basal part of each ventral retractor muscle. A 
rectal diverticulum is present upon the rectum. 

Locality. Off Fudai, Pacific coast of North Japan. 

Distribution. Sulu Island, Indian Archiperago (Siboga Expedition, 
Station 105). 

Remarks. Three varieties of this species have been reported by 
Selenka, Sluiter and Lanchester. They are Phascolosoma vulgare var. 
astuta Selenka (1885, p. 11), Phascolosoma vulgare var. selenkae Lan- 
chester (1905, p. 31) and Phascolosoma vulgare var. tropiemn Sluiter 
(1902, p. 33). . 

Comparing the present specimen with the typical form and with these 
three varieties, I am aware that the present form very closely resembles 
the third variety Phascolosoma vulgare var. tropicum Selenka with respect 
to the height of the hooks. And thus, I am inclined to identify this form 
with that variety. 

4. Phascolosoma margaritaceum var. antarcticum MlCHAELSEN. 

(PL I, Fig. 3; Text-figs. 5-6; 

Phascolosoma margaritaceum var. antarcticum Michaels en, Fischer, 1928, p. 481, PI. 

VI, Fig. 15. 

Spec. No. N. 48; Station 560; N. Lat. 37“ 26' 56", E. Long. 136° 
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22' 15" ; Depth 172 m; Date July 22, 1930; Coll. Konism and Wada. 

Two specimens were secured from a depth of 172 meters oil the 
west coast of Noto Peninsula. 

The body is of a somewhat elongated spindle-shape (PI. 1, big. 3). 
The trunk is about 40 mm long, while the introvert is slightly shorter 




Text-fig 5. Phavcolosoma margantaceum 
var. antarcticum Michaelsen. Papillae found 
on the posterior end of the trunk. X 145. 

than the trunk. 

The skm is quite opaque being 
dirty pink colour when preserved in 
alcohol. It appears nearly smooth to 
the naked eye. But there are found 
numerous small papillae when ob¬ 
served under high magnification. The 
papillae found in the posterior region 
of the trunk, are cylindrical in form, 
measuring about 0.085 mm in height 
and 0.025 mm in diameter. In other 
regions of the body, they are all 
roundish being measured about 0.025 mm both in height and diameter. 
At the posterior region of the body, we see peculiar reticulation formed 
by pigmentation as shown in the Text-fig. 5. Hooks and spines are 
absent. Numerous finger-shaped tentacles exist encircling the mouth in 
several rows. 


Tcxl-(ig. 6 . Phascolosoma maigmita - 
courn var. antardium Mktiaki«skn. 
Specimen dissected, a, anus; <h\ dor¬ 
sal retractor muscle; [ y fixing muscles; 
g, gonad; ?, intestinal convolution; w, 
ventral nerve-cord; <u oesophagus; ?, 
rectum; a, spindle-muscle; so* segmental 
organ; vr* ventral retractor muscle; w* 

wing-muscle. X ' . 
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The longitudinal muscle layer of the body-wall is continuous. Two 
pairs of the retractor muscle are present. The ventral pair (Text-fig. 6, 
vr) is attached to the body-wall at the level of the anterior one-third of 
the trunk, while the dorsal pair (Text-fig. 6, dr) is attached more anteriorly 
than the ventral. The fixing-muscles (Text-fig. 6, f) are three in number. 
One of the fixing-muscles springs from the anterior portion of the rectum 
and is attached to the inner surface of the body-wall near the ventral 
nerve-cord. The remaining two arise from the first whorl of the intestinal 
convolution and are attached to the body-wall near the left retractor 
muscle. A pair of broad wing-muscles (Text-fig. 6, w) are attached to 
the lateral wall of the lectum (Text-fig. 6, r) near the anus (Text-fig. 6, 
a). A simple Pohan canal runs along the dorsal surface of the oesopha¬ 
gus (Text-fig. 6, o). The segmental organs (Text-fig. 6, so) consisting of 
two short tubes of a light grayish colour, are entirely free from the body- 
wall excepting the anterior extremities which are fastened to the body- 
wall. Their external apertures exist almost at the same level as the anus. 
A pair of sexual organs (Text-fig. 6, g) occur along the base of the ven¬ 
tral retractor muscles. Neither eye-spot nor rectal diverticulum is present. 

Locality. Off Noto Peninsula, Japan Sea. 

Distribution. Siid-Gcorgin; Cap Adare (Slid-Victoria-Land). 


5. Phascolosoma appendiculatum, n. sp. 

(PL I, Fig. 4, Text-figs 7-10j 

Spec. No. S. 10; Station 342; N. Lat. 33° 15' 20", E. Long. 133° 
48' 40"; Depth, 288-527 m; Date, July 28, 1928; Coll. Kamiya and 
Morimoto. 

The collection contains three specimens of this new species. They are 
taken by dredge from the depth of 288-527 meters in Tosa Bay, Shikoku. 

Of these three, one specimen which is selected as the type of this 
new species is well preserved, while the remaining two are imperfectly 
preserved. 

In the type specimen (PL 1, Fig. 4), the trunk is about 120 mm in 
length and is about 13 mm broad at the thickest part. The introvert 
which is much narrower than the trunk, measured about 70 mm in length. 

At the posterior extremity of the body, there is found a peculiar tail¬ 
like appendage of about 10 mm long. It is a thin cord, having a uniform 
width of about 1 mm. 

The skin of the trunk is thin, showing a dirty yellow colour. In the 
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middle region of the body, the skin appears nearly smooth to the naked 
eye; while in both of the anterior and posterior region of the trunk, it 
appears rather rough and shows a dark brown colour. The whole surface 



Text-fig. 7. Phascolosoma appendi - 
culatum , n. sp A papilla fiom the 
middle region of the tiunk (Surface 
view) x 580. 




Text-fig 8 Phascolosoma appendi- 
culatum , n. sp Papillae louncl on 
the mtroveit. x 115. 



Text-fig 9. Phascolosoma appendi culatum t n. sp, 

A papilla from the posterior end of the trunk. (Side view). X580 


of the skin is covered by papillae well-developed. Those found in the 
middle region of the trunk are rather low, and are nearly circular in the 
surface view, with diameter of about 0.07 mm. Each of these papillae 
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consists internally of several large gland-cells and is covered externally 
by a great number of small chitmous plates. The papillae found on 
both the anterior and posterior regions of the trunk, are comparatively 
tall, measuring about 0.1 mm both m height and diameter. The papillae 
on the introvert are the tallest. They are conical in form and are 
more densely distributed than in other parts of the skin. Hooks or 
spines are absent. Tentacles which encircle the mouth are tolerably 
numerous. 




ooo ° 
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The longitudinal muscle layer of the body-wall is continuous, and is 
not separated in bundles. The inner surface of the layer is smooth and 
lustrous in a grayish-white colour. Two 

pairs of the retractor muscles are pre- oo^'o, Q 

sent. 01 these two the ventral pair is 

or 0 0 

larger than the dorsal, and is attached o } 

at its posterior end to the body-wall, 0 ?j(]c^?o o ^ 3 

at the level of the anterior one-seventh ^t9o o 0 

of the trunk-length. The anterior part qOQOg 

of these retractor muscles are connected ^cwSPoc? ^ 

with one another by means of mesen- 0 0 o 

tenes. The dorsal pair which is narrow- °o 0 ^osmQo^ 1 o 

Ps O ^ 

er than the ventral is attached anteriorly q 00 o boo 

to the body-wall at a point situated in ' ° 

front of the roots of the ventral retract- Text-fig 10 Phascolosoma appends 

or muscles. A single stout spindle- posterioi ^ of the trunk (Smface 
muscle arises behind the anus and runs xiew ^ X ^r x 
posteriorly with its extremity set free 

from the body-wall. Two fixing-muscles are present. Both of these 
spring from the body-wall near the root of the left dorsal retractor muscle, 
and are attached to the first whorl of the intestinal convolution. Wing- 
muscles arc attached to the rectum near the anus. The intestinal con¬ 
volution which coils around the spindle-muscle, consists of numerous spirals. 
It is free posteriorly from the body-wall. Polian canal is simple and does 
not bear the Polian tubules on it. Two long segmental organs of a dark 
reddish brown colour are present. They are entirely free from the body- 
wall except for the anterior part 2 mm long. The external apertures 
of these organs are situated almost at the same level with the anus. The 
rectal diverticulum can not be detected. The ventral nerve-cord is divided 
into two small branches at the posterior end of the body. 

Locality . Tosa Bay, Japan. 


o Q 0oo o oOO 

Text-fig 10 Phascolosoma appendi- 
culaturn , n sp A papilla from the 
posterior end of the trunk (Suiface 
\iew) x 435. 
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Remarks . This new species closely resembles Phascolosoma flagriferum 
described by Selemka (1885, p. 13, PL III, fig. 17) and Phascolosoma 
hudsonianum Chamberlin (1913, p. II), Text-figs. 1-2), in presence of 
the characteristic caudal appendage. But it differs from the first m the 
number of the retractor muscles, and from the second in the shape of 
the papillae and in the situation of the attachment point of the retractor 
muscles to the body-wall. According to Chamberlin (1913, p. 11), Text- 
figs. 1-2), the caudal appendage of Phascolosoma hudsomamnn consists of 
a conical process of about 3.6 mm width measured at the base. In the 
present species, however, the caudal appendage, as already stated in descrip¬ 
tion, is not conical but is like a cord having a unilorm width of about 
1 mm. 


6. Phascolosoma glossipapillosum, n. sp. 

(PL I, Fig. 5; Text-figs. 11-14) 

Spec. No. A. 618; Station 489; N. Lat. 35° 37' 10", K. Long. 131° 
02 / 00"; Depth, 2-19 m ; Date, Aug, 11, 1929 ; Coll. Konisiu and Aikawa. 

Several specimens were obtained from the depth of 249 motors off 
Hamada (Province of Iwami), Japan Sea. 



B 



Text-fig. 11. Phascolosoma glosu- 
papdlosum , n. sp. A papilla from 
the introvert. A, Side view; B, 
Sur f ace view. x!16. 


B 



Tcxt-hg. 12. Phascolosoma tflosn- 
papillosum , n sp A papilla Loin 
the end of the trunk. A, Side* view; 
B, Surface view, x 116. 


_ these specimens, a well-preserved one was selected as the type of 
this new species. The other specimens are rather imperfect being broken 
into fragments. 
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In the type specimen (PL I, Fig. 5), the trunk measures about 80 mm 
In length and about 12 mm in width at the widest part. It tapers poste¬ 
riorly and terminates in a sharply pointed end. The introvert, which is 
much narrower than the trunk, has a uniform breadth. It measures 
about 60 mm in length and about 5 mm in width. 

The colour of the skin is dark brown when preserved m alcohol. The 
posterior end of the trunk appears darker in colour than the other parts 
of body. The skin is thin, but entirely opaque. The circular muscles of 
the body-wall, especially those found in the posterior end of body, are 
very prominent showing externally numerous transversal ridges on the skin. 
The whole surface of the body is beset with numerous peculiar tongue¬ 
shaped papillae as shown in the Text-figs. 11-13. Each of these papillae 
is covered by numerous small chitinous 
plates and appears as an elongated 
ellipse in outline when viewed from 
above. Of all these papillae, those 
found on the introvert and on the 
introvert-basis arc the largest, mea¬ 
suring about 0.24 mm in length, about 
0.4 mm in major axis of the base 
and about 0.04 mm in the minor of 
the same. The papillae from the 
middle region of the trunk arc smaller 
than those from the rest of the body. 

They measure 0.15-0.2 mm both in 
length and major axis of the base. 

Numerous finger-shaped tentacles are present surrounding the mouth. 

The longitudinal muscle layer of the body-wall is continuous. The 
inner surface of the body-wall is smooth and lustrous. Of the two pairs 
of the retractor muscles, the ventral pair is attached to the body-wall at 
the middle of the trunk (Text-fig. 14), while the dorsal pair is fixed to 
the same at the point located far anteriorly from the attachment-base of 
the ventral retractor muscles (Text-fig. 14, vr). A stout spindle-muscle 
(Text-fig* 14, s), which springs from the wall of the rectum behind the 
anus, is not fixed to posterior end of the trunk. A single fixing muscle 
(Text-fig. 14, f) which arises from the body-wall at a point situated on 
the left side of the ventral nerve-cord ends on the first whorl of the in¬ 
testinal convolution (Text-fig. 14, i). The rectum (Text-fig. 14, r) is supported 
by the wing-muscle (Text-fig. 14, w) which is near the anus (Text-fig. 




Text-fig 13. Phascolosoma glossi- 
papiilosum , n. sp. Papillae from the 
middle region of the trunk. A~A 7 , 
Side view, B-B 7 , Surface view. Xll6. 
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14, a). Intestinal convolution (Text-fig. ! 1, i) consists of about 25 spirals. 
There are found no Polian tubules on the Pollan canal. A pair ol 



papillosum , n. sp Specimen dissected. 
a, anus; dr, dorsal letractor muscle, 
f t fixing-muscle; i, intestinal convolu¬ 
tion; n , ventral nerve-eoid; o, oeso¬ 
phagus; r, rectum; s, spindle-muscle, 
so, segmental organ, vi, ventral retract¬ 
or muscle; w, wing-muscle. Xl. 


segmental organs (text-fig. II, so) 
are found running along both sides 
of the ventral nerve-cord (Text-fig. 
14, n). They art 4 small tubes of 
yellowish-brown colour and their ex¬ 
ternal apertures are located almost at 
the same level with the anus. Kach 
of these tubes is not fixed to the 
body-wall with its whole length hut 
with the anterior end. The rectal 
diverticulum is absent. The ventral 
nerve-cord (Text-fig. 11, n) which is 
stretched upon the inner surface of 
the skin extending from the anterior 
extremity ol the introvert to the 
posterior end of the trunk, is not 
closely attached to the body-wall by 
means of its side-branches, but is 
more or less separated lrom the latter. 

Locality. Off Ilamada (Province 
of Iwami), Japan Sea. 

Remarks. Among the members 
of the genus Phamolosoma which are 
characterized by the possession of two 
pairs of retractor muscles and by (he 
absence of hooks, we may not find 
such species as the present, having 
papillae peculiarly shaped in tongue¬ 
like manner. 


7. Phascolosoma hyugense, n. sp. 

(PL I, Fig 6, Text-figs 15-16) 

Spec. No. A. 436; Station 309; N. Lat. 31° 41' 35", K. Long. 131° 
46' 40"; Depth, 472 m; Date, July 14, 1928; Coll. Kamiya and Mokj- 

MOTO. 
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Only one specimen (PL I, Fig. 6) was taken from the depth of 472 
meters off Miyazaki in Kyudiu, South Japan. 

The trunk measures about 60 mm m length and 4 mm in thickness, 
ihe introvert which is slightly longer and much narrower than the trunk, 
is about 70 mm long and 1-2 mm thick. 

The skm of the trunk is thin, yellowish grey in colour, and appears 


Text-fig 15 Phascolosoma hijugcn sc, 
n sp Papillae Irom the postorioi region 
of the trunk. 

nearly smooth to the naked eye. 

The skin covering the introvert 
and the introvert-basis is rather 
thick. The papillae are numerous 
and are roundish, short, cylindrical 
in form with their ends rounded. 

They are about 0.04mm in height 
and 0.03 mm in diameter at the 
base. They are nearly the same Text-fig. 16. Phascolosoma hyugense, 

size throughout the whole surface "* sp ’ ^ ccimc " dissected ' “ nus; *• 
of the body. I lie papillae are cord . 0> ocsophagus , pc , Po i ian cana i 

distributed most densely on the with Pollan tubules; r, rectum; rm, re¬ 
in trovert-basis and at the poste- tractor muscle; so, segmental organ; t, 

rior end of the trunk; while they tentacles, x 

are very sparsely scattered on 

the anterior region of the introvert. The features of each papilla are 
very similar to those of the papillae found m Phascolosoma catharinae 
F. Muller (Selenka, 1883, Taf. V, Fig. 62). Neither hooks nor spines 
are present. Very few tentacles (7-8) are found encircling the mouth in 




one row. 
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The longitudinal muscle layer of the body-wall is continuous. The 
retractor muscles (Text-fig. 16, rm) consist of a single pair, and are 
attached to the body-wall at the level of the posterior one-fourth of the 
trunk-length. Their anterior parts come into contact with each other by 
means of mesentery. A stout spindle-muscle is present. Both of the 
fixing muscles and the rectal diverticulum can not bo detected. The in¬ 
testinal convolution (Text-fig. 1(5, l) winch coils around the spindle-muscle, 
is set free from the body-wall posteriorly. The Bohan canal (Text-fig. J6, 
pc) passes along the dorsal surface of the oesophagus (Text-fig. 16, o) 
giving off a great number of short blind tubules on its way. Two 
segmental organs (Text-fig. 16, so) of a grayish brown colour are present. 
They are about 20 mm in length and are entirely free from the body-wall 
except for the anterior extremity. The external apertures of the organs 
are situated about 10 mm distant anteriorly from the anus. 

Locality . Off Miyazaki (Province of Hyuga), Kyushu, Japan. 

Remarks. This new species seems to he veiy closely allied to both 
Phascolosoma catharinae F. Muller and Phascolosoma martcwsi Collin, 
But it differs from the first in the number and arrangement of the ten¬ 
tacles, and from the second in the length of the Polian tubules and in 
the position of the apertures of segmental organs. 

8. Phascolosoma noto, n. sp. 

(PL I, Fig. 7, Text-fig 17) 

Spec. No. N. 56; Station 559; N. Lai. 57’ 20' 50", K. Long. 156' 
08' 45"; Depth 424 m; Date, July 22, 1950; Coll. Konisiii and Wada. 

The collection contains two specimens of (his now species. The first 
specimen (PI. I, Fig. 7), which is selected as the typo, is smaller but is 
better preserved than the second. 

_ In the type specimen, (he total body-length is about 55 mm. and the 
width is about 4 mm in the thickest part. The introvert is about one- 
third of the total body-length, and much narrower than the trunk. 

The ground colour of the skin is dirty reddish brown, when preserved 
in alcohol. The body-wall is entirely opaque. The outer surface of the 
skin is beset with numerous papillae. The papillae on the introvert are 
pear-shaped and are distributed rather sparsely. They are very small in 
size measuring about 0.02 mm in height and about 0.03 mm in width. 
On the introvert-basis, we find a number of large flat papilla mixed 
with small pear-shaped papillae mentioned above. They are somewhat 
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elliptical in the surface view, measuring about 0.1 mm in major axis and 
0.065 mm in the minor. 

In the middle region of the trunk, the surface of the skin is provided 
with very small papillae scattered extremely sparsely. They resemble 
those on the introvert both in form and size. At the posterior end of 
the trunk, there are found large papillae mixed with the small pear-shaped 
papillae as in the case of the introvert-basis. Each of these large papillae 
is hemispherical m form, and measures about 0.05 mm m height and 
about 0.08 mm in diameter of the base. Hooks are absent on the introvert. 


Very few number of tentacles exist around the mouth. 

To the naked eye, both the circular and longitudinal muscle layers 
of the body-wall seem to be continuous, but when the circular muscle 
layer is observed under high 
magnification we see that in I—!^' 

the posterior region of the p r 

trunk it is divided into numer- xtj, / 

ous narrow bands. The inner 

surface of the body-wall is t,’VV I!" 1 !» j ft," 1 ^]n | 

smooth and lustrous. Two i 1 

pairs of the retractor muscles 1 , 1 

are present. The ventral pair 
arises from the middle of the 

1 j . j ,1 Text-fit; 17 Phascolosoma noto , n. sp. A 

trunk close to the ventral . , , - f 

piece of skin from the posterior region or the 
lierve-COld, while the doisal body t , circular muscle; p, papillae. Xll6. 
pair arises from a point located 

at a short distance behind the anus. The intestinal convolution is traversed 
throughout by the spindle-muscle with its posterior end not fixed to the 
body-wall. There are two fixing muscles. They are composed of very 
fine muscle-strands and fix the anterior portion of the intestinal convolution 
to the body-wall. The rectum is supplied with the wing-muscles attached 
to its anterior portion. Polian canal is simple, and is not provided with 
Polian tubules. The segmental organs consist of two small sacs in pair. 


Text-fig 17 Phascolosoma noto> n. sp. A 
piece of skm from the posterior region of the 
body c, circular muscle; p, papillae. Xll6. 


They are almost transparent and measure about 7 mm in length. Each 
sac of the organs is entirely free from the body-wall except its anterior 
extremity which is fixed to the latter. Their external openings are situated 
a short distance in front of the anus. Both the rectal diverticulum and 


the eye-spot are not detected. 

Locality . Off Noto Peninsula, Japan Sea. 

Remarks. This new species somewhat resembles Phascolosoma solita - 
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num Sluiter and Phascolosoma mansoni Beniiam. But it dittoes from 
both of these species m the form of the papillae found on the body- 
wall. 


9. Phascolosoma signum, n. sp. 

(PI I, Rig 8; Text tig 18) 

Spec. No. N. 62; Station 550; N. Bat. 26° 19' 25", It. Bong. 135 
34/ 28"; Depth, 658 in; July 20, 1930; Coll. Konisiu and Wada. 

Three specimens of this new species were obtained from the depth of 
658 meters in Wakasa Bay. 

Of these three, one specimen which was preserved most perfectly is 
selected as the type of this new species. 

In the type specimen (PL I, Fig. 8), the trunk measures about 15 mm 
in length and about 6 mm in thickness at the thickest part* 1 he introvert, 
though much narrower than the trunk, is nearly as long as tin* trunk. 

The skin is thin and shows a light 
gray colour when preserved in alcohol* 
The surface of the body-wall appears 
smooth to the naked eye, hut there can 
he detected numerous small papillae when 
observed under high magnification. At 
the posterior end of the trunk, the skin 
is rugose and exhibits ripple-marks due 
to the pigment as shown in the text- 
fig. 18. The papillae found on the whole 
surface of the body excepting the posterior 
region, are spherical or pear-shaped, 
measuring about 0*025 mm in height and 
0.02 mm m diameter. Those found on 
the posterior region of the trunk an* tall 
cylindrical in form measuring about 0.05 mm in height and 0*02 mm in 
diameter. Neither hooks nor spines are found on the introvert* Numer¬ 
ous finger-shaped tentacles are present. They are arranged in several 
radial rows around the mouth. 

The longitudinal muscle layer is continuous and thus the inner surface 
of the body-wall is shiny. The retractor muscles occur in two pairs. The 
ventral pair originate at the level of the anterior one-third of the trunk- 
length close to the ventral nerve-cord. In the anterior parts, they are 



Text-fig. 18. Phascolosoma sig¬ 
num, n. sp A piece of skin from 
the posterior end of the body, 
x 145. 
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fused together into a flat band. The dorsal pair are extremely slender, 
like the fixing-muscle mentioned below. They spring from the body-wall 
at the level situated slightly behind the anus. There are two fixing mus¬ 
cles which fasten the anterior portion of the intestinal convolution to the 
body-walk Intestinal convolution consists of about thirty spirals, and is 
formed around the spindle-muscle with its posterior extremity not fixed to 
the body-wall. Along the dorsal side of the oesophagus runs the Polian 
canal. This canal is simple and is not beset with the Polian tubules. 
There exist two segmental organs, and their external apertures lie nearly 
at the same level as the anus. 

Locality. Wakasa Bay, Japan Sea. 

Remarks . This new species can be easily separated from the other 
members of the genus by the presence of the ripple-marks on the skin 
and by the extremely slender dorsal retractor muscles. 

10. Phascolosoma soyo, n. sp. 

(PI I, Fig. 9, Text-figs. 19-21) 

Spec. No. N. 59 ; Station 551; N. Lat 36° 22' 15" E. Long. 135° 

55' 00"; Depth, 274 m ; Date, July 20, 1930 ; Coll. Konishi and Wad A. 

Spec. No. N. 54; Station 652; N. Lat. 41° 27' 08", E. Long. 140° 

23' 00"; Depth, 110 m; Date, Aug. 24, 1930; Coll. Aikawa and Fujita. 

Spec. No. N. 52; Station 585; N. Lat. 36° 59' 10", E. Long. 137° 

27' 15"; Depth, 552 m ; Date, Aug. 2, 1930; Coll. Konishi and Wada. 

This new species is represented in the collection by ten specimens 
which were secured from three different stations. 

The dimensions of the body measured in these specimens are shown 
in the following tables. 


Table L (Specimens from Station 551). 



Trunk 

Introvert 


Length 

Width 

Length 

f Width 

Specimen No. 1. 

80 mm 

12 mm 

60 mm (Protruded) 

5-7 mm 

Specimen No. 2. (Type) 

60 mm 

6-7 mm 

40 mm ( „ ) 

1.5-2 mm 

Specimen No. a. 

50 mm 

6-7 mm 

15 mm (Partly protruded) 

1.5-2 mm 

Specimen No. 4 

55 mm 

4 mm 

15 mm ( „ ) 

1 mm 
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Table II. (Specimens from Station 652). 



Trunk 

Inti overt 



Length 

Width 

Length 

Width 

Specimen No. 5. 

45 mm 

4 mm 

30 mm (Protrudedt 

1.5 2 mm 


Table III. (Specimens from Station 585). 



Trunk 

Introvert 



Length 

Width 

Length 

Width 

Specimen No. 6. 

150 mm 

15 mm 

30mm (Partly protruded) 

0 7 mm 

Specimen No. 7 

110 mm 

12 mm 

32 mm ( „ 

3-4 in m 

Specimen No. S. 

125 mm | 

10 mm 

28 mm ( „ I 

0-7 mm 

Specimen No. 9. 

90 mm 

12 mm 

40 mm ( „ ) 

8 4 mm 

Specimen No. 10. 

90 mm 

9 mm 

30 mm ( „ ,) 

2 3 mm 


As shown in the Table III, the specimens from Station 585 are on 
the whole larger in size than those from the other two stations. 

The type specimen (PL I, Fig. 9), which is moderate in size and is 





Text-fig. 19. Phascolosoma 
soyo, n. sp. A papilla from 
the anterior region of the 
trunk. (Side view). x435. 


Text-fig. 20. Phascolosoma soyo f n. 
sp. Papillae found in the posterior 
region of the trunk. x!45. 


preserved much better than the others is reddish brown in the ground 
colour of the body-wall. The skin is rather thick and is entirely opaque. 
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The outer surface of the body-wall appears nearly smooth to the naked 
eye, but there are found numerous papillae when observed under micro¬ 
scope (Text-figs. 19-20). The papillae found on the introvert are mostly 
conical, and some of them arc sharply pointed at their tip. They 
measure about 0.05-0.13 mm in height and 0.03-0.1 mm in diameter at 
the base. In the middle region of the trunk, the papillae are flat and 
are very sparsely distributed. These papillae are elliptical in outline m 
surface view, and measures about 0.15 mm in major axis and 0.06 mm 
in minor axis. At the posterior region of the trunk, there exist two 
sorts of the papillae. The one is large and roundish, measuring about 
0.07 mm in height and 0.1 mm in thickness ; 
while the other is small and cylindrical, 
measuring about 0.07 mm in height and 
0.02 mm in thickness (Text-fig. 20). Neither 
hooks nor spines are present on the intro¬ 
vert. Many finger-shaped tentacles exist 
encircling the mouth (Text-fig. 21). 

Both of the longitudinal and the circular 
muscle-layers are continuous. The inner 
surface of the body-wall is thus smooth and 
has pearly lustre. Two pairs of the retractor 
muscles are present. The ventral pair arise 
at the level of the anterior one-third of the 
trunk-length, while the dorsal pair arise more 
anteriorly than the ventral. A single stout 
spindle-muscle arises behind the anus, and its posterior extremity is set 
free from the body-wall. There are two slender fixing-muscles, each of 
which arises from the body-wall near the roots of the dorsal retractor 
muscles, and terminates on the first whorl of the intestinal convolution. 
The wing-muscles are found on both sides of the rectum attached at a 
point near the anus. The intestinal convolution consists of numerous 
spirals (more than 60 spirals). Polian canal is simple and bears no Polian 
tubules on it. The segmental organs are of short tubes, hanging free 
into the body-cavity. Their external apertures lie about 10 mm m front 
of the anus. A pair of gonads are found lying along the base of each 
ventral retractor muscle. 

Localities . Off Mikuni (Fukui Prefecture), Japan Sea; Off Mikkaichi 
(Toyama Prefecture), Japan Sea; Tsugaru Strait. 

Remarks . This new species is easily distinguished from the other 


a 



v 


Text-fig. 21. Phascolosoma 
soyo, n. sp Tentacular crown. 
d , dorsal side; v, ventral side. 
x9. 
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members of the genus Phascolosoma by the presence of sharply pointed 
conical papillae on the introvert, and also by the existence of two sorts 
of papillae in the posterior region of the trunk. 

Theel (1904, p. 78, PL 6, Figs. 77~79) reported Phascolosoma ahifs* 
sorum which bears very tall conical papillae. But it has only two retractor 
muscles, while the present species has four of these. Phascolosoma 
appendiculalum first described in this paper is also provided with tall 
conical papillae distributed on the introvert as m the case ol the present 
new species, but the former is differentiated from the latter by the pre¬ 
sence of a tail-like appendage attached to the posterior extremity of the 
trunk. 

According to Sluiter (1912, p. 14, PL I, Fig. 4), it is described that 
Phascolosoma iniquum bears two sorts of papillae as in the ease of the 
present new species. But they are distinguished from each other by the 
shape of the papillae they have. 

11. Dendrostoma ellipticum n. sp. 

(PI I, Fig. 10, Text-figs. 22-25) 

Spec. No. N. 94; Station 274; N. Lat. 34° 4F 40", E. Long. 13<S° 
30' 40"; Depth, 51 m; Date, July 2, 1928; Coll. Kamiya and Morimoto. 

Only one specimen (PL I, Fig. 10) of this new species was taken from 
a depth of 51 meters in Suruga Bay. The specimen was slightly injured 



AMT cjt t \s A 
j 





Text-fig, 23. Dendrostoma 
ellipticum , n. sp. A pirn* of 
skin from the anterior region 
of the introvert, x 4(> k 


Text-fig. 22. Dendrostoma ellipticum , n. sp. 
Papillae found in the posterior region of the 
trunk. Xll6. 

of about 80 mm, and a thickness of about 
one-fifth of the total body-length. 


the skin at the posterior region 
of the body, and a part of the 
intestine was forced out from 
the wound thus made. 

The body has a total length 
5 mm. The introvert is about 
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The skin is opaque, and is reddish brown m alcohol. It is covered 
with numerous papillae. They are more thickly distributed m the pos¬ 
terior region of (he body than in the other regions of the same. These 
papillae are not roundish, but elongate elliptical in the surface view (Text- 



Text-fig. 21 Demit ostama ellipticum, 
n sp. Tentacular crown d, dorsal side, 
t\ ventral side. 


fig. 22), measuring 0.1-0.17 mm in major 
axis and 0.03-0.05 mm in the minor. 
These papillae which are distributed at 
the posterior end of the body, are taller 
than those m the other parts of the body, 
and reach upto 0.03-0.06 mm in height 
The papillae from the middle region of 
the trunk, are much inferior both in height 
and width to those from the other regions 
of the same. In the anterior region of 
the introvert, there are not found true 
papillae, but occur numerous small pro* 



Text-fig. 25. Dendrostoma 
ellipticum n. sp. Specimen 
dissected a, anus; n, ventral 
neive-cord; o, oesophagus; pc, 
Polian canal with Polian tubul¬ 
es; r, rectum, rm, retractor 
muscle; so, segmental organ. 


3 



cesses closely beset. Each of these processes is covered by numerous 


minute chitinous granules (Text-fig. 23). 

The longitudinal muscles are continuous and thus the inner surface of 
the body-wall is shiny. The retractor muscles (Text-fig. 25, rm) occur in 
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a single pair. They are long but slender, and are attached to the body- 
wall at the level of the posterior one-fifth of the trunk-length. The an¬ 
terior portion of the retractor muscles is fused together into one piece at 
the anterior portion of the introvert. Numerous short Polian tubules are 
present upon the Polian canal (Text-fig. 25, pc) running along' the dorsal 
side of the oesophagus (Text-fig. 25, o). The segmental organs (Text-fig. 
25, so) which consist of two long tubes of a grayish colour, hang freely 
into the body-cavity, and their external apertures lie at a point slightly 
distant posteriorly from the anus. 

Locality . Suruga Bay. 

Remarks. Among the members of the genus Dendrostoma , there were 
hitherto known six species which are characterized bv (he possession of 
only one pair of the retractor muscles and by the absence of hooks on the 
introvert. They are D. dehamata Kesteven, I), myfheea Chamberlin, /). 
perimeces Fisciier, D. peruvianum Collin, D. signifer Selene a et I )e 
Man, and D. zostericola Chamberlin. 

The present species is also furnished with the same characters as these 
species, however, it may be distinguished from these by the shape of the 
papillae as well as by the dimensions of the Polian tubules as shown in 
the following key. 


Key to the species of Dendrostoma . 

I. Polian tubules extremely long. 

D . perimeces Fischer. 

D. peruvianum COLLIN. 

D. signifer Selenka et Db Man. 

II. Polian tubules extremely short. 

1. Papillae are roundish in surface view. 

D. dehamata Kesteven. 

D. mytheca Chamberlin. 

D. zostericola Chamberlin. 

2. Papillae are elongate elliptical in surface view. 

D. ellipticum , n. sp. 

12. Thalassema sp. (?) 

Spec. No. N. 43; Station 300; N. Lai. 31° 18' 50", F. Long. 131° 
19' 30"; Depth, 110 m; Date, July 11, 1928; Coll. Kamiya and Moitr- 

MOTO. 
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The collection contains a small piece of proboscis which seems to be¬ 
long to some Echiurid. It is band-like, being measured about 25 mm in 
length and about 5 mm in width, and is slightly convex on one side and 
concave on the other. The colour of this proboscis is grayish white when 
preserved in alcohol. 

It is generally very difficult to determine the genus to which that 
animal belongs when there exist only its proboscis and missed its body. 
But judging from the features such as size, form, etc, it is highly prob¬ 
able that the present proboscis is owned by that animal belonging to the 
genus Thalassema. 

13. Priapulus bicaudatus Danielssen. 

(PI. I, Figs It; Text-figs 26-31) 

Priapulus bicaudatus, Danielssen, 1868, p 542 x ), Theel, 1875, p 23, 1906, pp 18-19, 
PI I, figs 3-6, PI II, figs. 9-10; Horst, 1881, pp. 13-38, Pis II-III, 
Skorikow, 1901, Fisciikr, 1914; 1921; 1922, p 242; 1928, pp. 476-478. 
Pnapulopsis typica , Kouen and Danielssen, 1875. 

Pnapuloidcs typu us, Korln and Danielssen, 1881 & 1887. 

Spec. No. A. 182; Station 134, N. Lat. 38° 17' 00", E. Long. 141° 
42' 00"; Depth, 139 m ; Date, Nov. 21, 1925 ; Coll. Konishi and Yoshida. 

Spec. No. A. 186; Station 135, N. Lat. 38° 17' 00", E. Long. 141° 
45' 00"; Depth, 159 m ; Date, Nov. 21, 1925; Coll. Konishi and Yoshida. 

Spec. No. A. 260; Station 130, N. Lat. 37° 07' 30", E. Long. 141° 
08' 40"; Depth, 104 m; Date, March 10, 1927 ; Coll. Asano and Mori- 

MOTO. 

Spec. No. A. 326; Station 131, N. Lat. 36° 38' 15", E. Long. 140° 

53' 30"; Depth, 99 m; Date, March 12, 1927 ; Coll. Asano and Mori- 

MOTO. 

Spec. No. A. 339; Station 129, N. Lat. 37° 21' 20", E. Long. 141° 

14' 00"; Depth, 82 m; Date, March 10, 1927; Coll. Asano and Mori- 

MOTO. 

Spec. No. A. 537; Station 136, N. Lat. 38° 17' 00", E. Long. 141° 
56' 00"; Depth, 194 m; Date, Nov. 21, 1925; Coll. Konishi and Yoshida. 

Spec. No. S. 3; Station 45, N. Lat. 38° 52' 47", E. Long. 142 03' 
30"; Depth, 349 m; Date, July 9, 1926; Coll. Marukawa and Yoshida. 

Spec. No. S. 8; Station 141, N. Lat. 38° 17' 00", E. Long. 142 08' 
00"; Depth, 680 m; Date, Nov. 24, 1925; Coll. Konishi and Yoshida. 

x Danielssen, 1858, Forh. ved. de Skandinav. Naturforskeres tiende Mode, Christiania, 
(I have been unable to get this Daniblssen’s original paper). 
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Spec. No. S. 9; Station 335, N. Lat 32° 40' 50", K. Long- 133° IT 
00"; Depth, 399 m; Date, July 26, 1928; Coll. Kamiya and Mouimoto. 

Spec. No. N. 4; Station 135, N. Lat. 38° 17' 00", K. Long. 1 IP 15' 
00"; Depth, 159 m; Date, Nov. 21, 1925; ("oil, Konishi and Yoshioa. 

Spec. No. N. 26; Station 23, N. Lat. 36° 58' 00", K. L ong. UP 2T 
40"; Depth, 170 m ; Date, June 29, 1926; Coll. Kamiya and Nakakuima. 

Spec. No. N. 30; Station 115, N. Lat. 35° 36' 30", K. Lmf?. 110“ 46' 
50"; Depth, 18 m; Date, March 3, 1927; Coll. Asano and Mouimoto. 

Numerous specimens of this interesting species wens obtained from 
various localities as shown in the above list. 

The largest specimen (PL I, Fig. 11), which was secured from a 
depth of 104 meters off Shiwoya-zaki measures about 75 mm in length 
and 11-15 mm in width; while in the smallest specimen, the body-length 
and the thickness measure about 15 mm and 5 mm respectively. 

The introvert is nearly one-fourth of the total body-length, and is 
slightly thicker than the trunk. 

At the posterior end of the trunk, and near the anus, there exist two 
respiratory organs (gills) consisting of numerous blind tubules (Text-fig. 
31, ro). 

On the ventral side of the trunk and dose to the anus, a pair of 
minute pores are to be found, and these are the external apertures of (he 
urogenital organs (Text-fig. 31, g). 

The ground colour of the skin, when preserved in alcohol, is variable; 
in some specimens it appears dark reddish brown, while in the others it 
is grayish white, etc. 

The body-wall is thick and opaque, and its outer surface is besot with 



Text-fig. 26. Priapulus bicaudatus Danielssrn. 

Papillae found on the introvert. x60. 

numerous papillae provided with a sharply pointed apex. The papillae on 
the introvert, are especially tall, and are arranged in 25 longitudinal rows. 
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Two of these rows placed on each side of the mid-ventral line are set 
close to each other, while the remaining rows are arranged at equidistance. 
On the outer surface of the trunk, the papillae are arranged in many 
transverse rings around the trunk. The papillae set m the posterior region 
of the trunk are taller than those lound on the anterior region of the 
same. 

The inner surface of the pharynx, is iurnished with numerous sharp 
teeth (Text-figs. 28-30). They are disposed in many sets of pentagons 
each of which being situated inside of the other. All the teeth set on 
one pentagon are of the equal size but differ from those found on the 



Text-fig. 27. Priapulus 
bicaudatus Danielssen. 
A papilla found on the 
posterior end of the body 
x 116. 



Text-fig. 28 Pnapulus 
bicaudatus Danielssen. 
A tooth (or hook) of the 
2nd pentagon found on 
the wall of the pharynx 
x20. 



Text-fig. 29. Priapulus 
bicaudatus Danielssen 
A tooth (or hook) of the 
3rd pentagon found on the 
wall of the pharynx. x20. 


other pentagons. On the first outermost pentagon ten teeth are found. 
Of these ten, every two are placed on each edge of the pentagon and 
not at each angle of the same. Each of these teeth is small and is some¬ 
what triangular in shape provided with a small obtuse process not in the 
form of spine as in those from other pentagons. The second pentagon 
bears five teeth, each of which being placed at each angle. Each of 
these teeth is much forcible, and is consisted of one large central spine 
and three lateral ones arranged on each side of the central. The third 
pentagon, like the second, has five teeth. They are the largest comparing 
with those from other sets of pentagons, and each is provided with one 
large central spine and three or four small lateral teeth arranged on each 
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side of the central. The fourth pentagon has also live tooth. Each of 
these teeth is smaller than those on the second pentagon, and is provided 

with three or four lateral spines on each side of 
one large central spine. Thus advancing further, 
the teeth found on the more interiorly placed 
pentagons become smaller than those on the 
more exteriorly placed. And moreover, il roughly 
observed, they seem to he arranged quite irregul¬ 
arly without any definite order. In these smaller 
irregular teeth, inside the pentagons, the number 
of lateral spines increases up to ten, hut decreases 
again towards the interior of the pharvnx. The 
innermost teeth are represented hv minute pointed 
warts. The height of the teeth on each pentagon 
is shown in the following table. 



Text-fig. 30. Pnapulus 
bicaudatus Danielssen 
A tooth Tor hook) of the 
4th pentagon found on 
the wall of the pharynx 
x20. 


Table IV. 

Height of teeth on each pentagon. 



Spec. A 

S| o<\ B 

Spec. (\ 

First pentagon 

0.3 mm 

0.2 mm 

0.1 mm 

Second pentagon 

1.5 mm 

1.2 mm 

O.S mm 

Third pentagon 

2.0 mm 

1.5 mm 

1.0 mm 

Fourth pentagon 

1.3 mm 

1.0 mm 

0.8 mm 

Fifth pentagon 

1.0 mm 

0.5 mm 

0.5 mm 


The tentacles are absent. The longitudinal muscles of the body-wall 
are divided into separate bundles. In the trunk region, the number of 
the muscle-bundles are 70-80; while in the region of the introvert, they 
are 25, corresponding with the number of rows of papillae on the outer 
surface of the introvert. Each of these bundles consists of short longi¬ 
tudinal muscle-bands running somewhat obliquely. The circular muscles 
are also divided into numerous separate bundles. There exist two sets of 
the retractor muscles, the one being much longer than the other. The 
longer retractor muscles are eight in number, and they all arise from the 
posterior region of the trunk and are attached to the anterior region 
of the introvert. Of these eight muscles, three arise from the ventral side 
of the body-wall, and one arises from the dorsal side of the same ; while 
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the remaining four arise from the both lateral sides of the trunk (Text-fig, 
31). The shorter retractor muscles are 10-11 in number. They arise 
from the anterior extremity of the introvert The alimentary canal is 
represented by a short straight tube. Of the alimentary canal, it is clistin- 



Text-fig. 31. Pnapulus hicaudatus Danielssen. Specimen dissected, a, anus, e, 
excretory organ; g, gonad; 7 , intestine; Imi , longitudinal muscle of the introvert; 
Imt, longitudinal muscle of the trunk; /r, longer retractor muscles; p, pharynx; r, 
rectum; ro, respiratory organ; sr , shorter retractor muscles, t, teeth (or hooks); ugd , 

urogenital duct. X 7^. 

guished the following three parts: 1) Pharynx, a short muscular sac, the 

inner surface of which is furnished with numerous sharp teeth. 2) Intes¬ 
tine, occupying the main part of the digestive canal. 3) Rectum, a short 
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but rather broad Lube which is attached to the body-wall hv means o( a 
few number of fixing muscles. Situated on the ventral side of the pos¬ 
terior region of the trunk, there are found a pair of urogenital organs. 
Each of these organs is fastened to the body-wall by a mesentery tluough 
out its whole length, and opens on the ventral side ol the posterior e\ 
tremity of the trunk. 

Localities. All the .specimens in tin* eolleelion were obtained from the 

north Pacific near the Japanese coast (N. I.at. 88" , r »2' 17" N. Eat. 22" 

40' 50"). 

Distribution. Finnmarken; Spit/.hergen; Greenland; Norway, Ross 
Island; Wiide Bay; Kbnig-fCarls-Eand. 

Remarks. This species was found for the first time at Yarangerl jord 
(Ost-Fmnmarken) and was described by Daniklkkrn in 18(51). From the 
sea of Japan, to my knowledge, on the occurrence of Priapulus it has 
not been reported. 

According to Theel (1906) and Baitzkr (1981) we know* that the 
southern limit of distribution of the present species is N. Eat. 02' 11/. 

But this time it was obtained at the locality situated along N. Eat. 22" 

40' 50". 
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EXPLANATION OF' PLATE I. 

Fig. 1. Sipunculus nudus Linnaeus, xl. 

Fig. 2. Phascolosoma vulgarc var. tropicum Sl.UITFU. xl. 

Fig. 3 Phascolosoma margantaccum var. antarctic am MirUAUnsi.N, > 1. 
Fig. 4 Phascolosoma appendiculatum , n. sp. X1. 

Fig 5. Phascoloso?na glossipapillosum, n. sp. X 1. 

Fig 6. Phascolosoma hyugense , n, sp. xl. 

Fig. 7. Phascolosoma noto, n. sp. X1. 

Fig. 8 Phascolosoma signum , n. sp. X1. 

Fig. 9. PhascQlosoma soya , n. sp. Xl. 

Fig 10. Dendrostoma ellipticum , n. sp. X 3 . 

Fig. 11. Priapulus hicaudatus Daniklssen. Xl. 
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I 

Since the discovery of the methods of artificial parthenogenesis it 
became an important problem in biology to study the mechanism of intia- 
tion of development. One direction of investigation is to find out many 
new conditions which cause the artificial parthenogenesis and to establish 
an universal idea of changes, which take place in developing eggs. Another 
direction is to study the causal significance of a certain phenomenon which 
is occurred by altering the normal program in development by artificial 
means. In 1930 A. R. Moore showed that the egg of the sea urchin can 
be fertilized and caused to develop without the formation of the fertiliza¬ 
tion membrane and the hyaline membrane, if the unfertilized egg first be 
treated with a solution of non-electrolyte, either urea or glycerine, and 
then fertilized. His observations suggest that the hyaline membrane is 
not the active cause of cell division and that the membrane is useful to 
the formation of blastula. Further, he showed that if ions of alkaline 
earth metals are added to the solution of non-electrolyte in sufficient 
amount, they protect the egg against the loss of capacity to form the 
membrane. Form these facts the questions arise; whether the loss of 
the membrane forming capacity is the result of diffusion of something from 
the egg; or if not so, how can we describe the physiological condition 
of the egg which has lost the capacity to form the membrane ? 

II 

It is well known, that butyric acid is a parthenogenetic activator on 
the unfertilized sea urchin egg. If the treatment with the butyric acid 

* Contribution from the Marine Biological Station, Asamushi, Aomori-Ken. No. 112. 
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is sufficient, the egg forms the membranes, which are the essential feature 
in the activation of the egg by the spermatozoon. But if the effect of 
butyric acid is greater, the egg refuses to form the membranes, when 
returned to normal sea water. In autumn of 1933 at Asamusi 1 observed 
that the sea urchin eggs, which were previously treated with butyric acid, 
can be fertilized and that they develop without the formation ol membranes. 
The results of my experiments are as follows. 

In the first series of my experiment at Asamusi, I washed the un¬ 
fertilized egg of Strongylocentrotus ?iudu$ (A. Agassiz) with sea water 
containing six per cent of N/10 aquaeous solution of butyric acid for 
(1) five seconds, (2) ten, (3) twenty, (4) thirty, (5) forty, (6) sixty, (7) 
one hundred and twenty, and (8) three hundred seconds, respectively. 
They are then put into normal sea water. All or the majority of the 
eggs treated for twenty seconds with the acid form membranes. But in 
the longer or shorter treatment the eggs did not form the parthenogenetic 
membranes. Therefore the optimum effect of butyric* acid as to the 
parthenogenetic activation for the egg of Strongylocentrotus nudus is 
twenty seconds at a room temperature of 20°C. 

In the second series of experiment the eggs from the same female 
were treated with butyric acid as before, and they were then put into 
the sperm sea water. The egg treated for less than twenty seconds 
formed a normal fertilization membrane. By treatment for forty to sixty 
seconds the eggs were fertilized, but they did not show a well elevated 
fertilization membrane. And as a result, the blastomeres of these eggs 
were packed closely within a “ firm ” hyaline membrane, which is perhaps 
made of a poorly elevated fertilization membrane and a true hyaline mem¬ 
brane. After treatment for two minutes neither the fertilization membrane 
nor the hyaline membrane was formed by insemination. The egg began 



Fig. 1. Cleavage pattern of the egg of Strongylocentrotus nudus . The membrane 
formation is inhibited by treating with the butyric acid sea water for twenty minutes. 
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the first cleavage one and a half hours after fertilization with a division 
rate of a normal egg. The first two blastomeres are spherical (Fig. 1). 
They lie side by side on the bottom of the dish. In a few cases a feeble 
protoplasmic bridge was observed between them. In the second cleavage 
four blastomeres formed a chain. The two blastomeres at the free ends of 
the chain are connected to the inner pair of the blastomeres with simple 
protoplasmic bridges. In the following segmentation the blastomeres formed 
an irregular clump. After treatment for five minutes all eggs cytolysed. 

The above facts describe a new similarity of the effect of butyric acid 
to that of the isotonic urea solution, which was studied by A. R. Moore 
(’30 a, etc). If the egg is treated with the butyric acid sea water for a 
sufficient time, which is six times as long as that required to form the 
parthenogenetic membranes, it loses the capacity to form the membranes 
by a spermatozoon. I could find no difference between these figures and 
those of the urea treatment in Moore’s experiment. 

Ill 

The above experiment was repeated on the eggs of other species of 
sea urchins, Pseudocentrotus depressus (A. Agassiz) and Strongylocentrotus 
pulcherrimus (A. Agassiz), at Misaki. The results weie the same as 
before. 

The eggs of these species were put from one to thirty minutes into 
a mixture of 100 cc of sea water plus 6cc N/10 butyric acid and then 
were put into normal sperm sea water of the species. The egg of 
Pseudocentrotus depressus when treated for seven to ten minutes with 
butyric acid at a room temperature of 13°C lost the capacity to form 



Fig 2. Pseudocentrotus depressus . The rate of cleavage without 
forming the membranes caused by the effect of butyric acid or the 
isotonic urea solution. 
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the membranes in 90 per cent. Alter a treatment for fifteen minutes 
the cell division was inhibited (Fig. 2). On the egg of the same female 
the effect of the urea solution was compared. The egg was pul into 
l mol. urea solution, which is pH 8,3, for three to thirty minutes, and 
was fertilized m the normal sea water as before. Alter treatment for 
three to twenty minutes more than fifty per cent of the egg lost the 
capacity to form the membranes. And even the eggs treated foi thirty 
minutes m seventeen per cent of the same, showed the cleavage without 
membrane formation (Fig. 2). Therefore, the effect of the urea solution 
is not severe in comparison with that of the butyric acid sea water. 

When the eggs of Strongylocentrotus pulcherrimus were treated for 
ten minutes with the butyric acid sea water, they showed the cleavage 
without membrane formation in ninety two per cent. Eggs all died by 
treatment for twenty minutes. After a treatment for less than two minutes 
they dicl not lose the capacity to form the membranes (Fig. 3), It was 



Fig. 3. Strongylocentrotus pulchernmus. Rate of cleavage without 
forming the membrane 6 ; caused by the offett of butyric acid 

interesting that there is a slight difference between the effect of urea 
solution and that of butyric acid on the cleavage pattern of l he egg. 
By the treatment with the urea solution a feeble protoplasmic bridge is 
formed between the blastomeres. And very often a chain of the blasto- 
meres are observed (Fig. 4a-c). But in the egg treated with butyric, 
acid the protoplasmic bridge among the blastomeres looks firm. At the 
first cleavage the two blastomeres are spherical and he apart from each 
other, as in the egg treated with urea. But the bridge between them 
is thick (Fig. 4d-f). And in the second cleavage the new bridges are 
generally formed near by the first bridge. This results the branching 
of the first bridge (Fig. 4 g-h). In the following division some blastomeres 
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are also connected to the first bridge (Fig. 4 e). These figures are 
observed more frequently in the egg treated with butyric acid than in 
that of the urea treatment. 



Fig. 4. Cleavage pattern of the eggs of St. pulckerrmm. The mem¬ 
brane formation is inhibited by the isotonic uioa solution (a-e) or by butyric 
acid (d-1). 

Needless to say, there is no essential difference of effects between 
these two reagents. A sufficient effect of the butyric acid causes the 
loss of the capacity to form the fertilization and hyaline membranes, just 
as the urea solution. But the only difference is, that in the egg treated 
with butyric acid the protoplasmic bridges look firm and thick in con- 
parison with that of the urea treatment. 
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IV 

As to the nature of the mechanism of inhibition ol membrane forma¬ 
tion the experiments described above show a great complexity. 1 have 
pointed out above that the egg lose the capacity to form the membranes 
by treatment with butyric acid as well as with ihe urea solution. These 
two solutions differ very much m their nature. Namely, the former is 
acidic and contains a great amount of metallic cations, because its main 
portion is sea water. On the contrary, the latter is alkaline, pH 8,3, 
and is poor in its amount of metallic ions. And yet, they equally cause 
the inhibition of the membrane formation. And it is at least possible to 
say that the egg will not be affected only by the absence of sails to lose 
the capacity of membrane formation. Because in my experiment of butyric 
acid the solution is isotonic and contains a balanced amount ol salts. 

The butyric acid sea water and the isotonic urea solution work on 
the already formed hyaline membrane in a different manner. I put the 
fertilized egg of Pseudocenlrotvs depressus into the butyric acid sea water 
or into the molecular solution of urea. In the butyric acid sea water 
the fertilization membrane shrinks a little. But it is not dissolved. The 
hyaline membrane remains unaffected by butyric acid even after an hour. 
The result in the urea solution is different. The fertilization membrane 
did not dissolve in the urea solution. But the hyaline membrane was 
dissolved within a few seconds in the urea solution. This fact suggests 
that the properties of the already formed hyaline membrane do not make 
known the nature of the state of the substance, which will become the 
hyaline membrane by being secreted outside the cytoplasm. 

In 1932 A. R. Moore showed that the effectiveness of the non- 
electrolyte solution in causing the loss of power to form the fertilization 
and hyaline membranes in the sea urchin eggs is related to the hydroxyl 
ion concentration of the solution, and that this destructive action of ihe 
hydroxyl ion with reference to the premembrane stulf is antagonized and 
may be completely inhibited by the cations of alkali and alkaline earth 
series when they are added m the form of chlorides to the solution of 
non-electrolyte. From his results we know the hydrogen-ion concentration 
will play an important action in the non-electrolyte solution. On the other 
hand, as pointed out by Gray ( ? 22) and Hobson (’27) the formation of 
the fertilization membrane is not perfect in the acidic sea water. This 
seems ostensibly to be comparable to the results of my experiments. 
But when sea water is acidulated with hydrochloric acid, the formation 
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of fertilization membrane is not perfectly inhibited even at pH 2,3 
(Hobson ’27). Therefore, I must conclude that the above effect of butyric 
acid is not caused by its hydrogen ion concentration, but it is a specific 
action of butyric acid. And as 1 have pointed out above, this specific 
action of butyric acid is equal to that of the isotonic solution of urea 
about the destructive action of the membrane forming capacity of the 
egg. We know already by the experiment of Loeb that the butyric acid 
sea water is an excellent reagent to cause the artificial parthenogenetxc 
membrane formation. From these facts it is suggested that the isotonic 
solution of urea might also affect as a parthenogenetic activator, and that 
it might cause the parthenogenetic membrane formation m the sea urchin 
egg by treating for a suitable time with the urea solution. 

V 

To test the parthenogenetic activation effect of the isotonic urea 
solution the 1 allowing experiment was carried out. The egg of Strongylo¬ 
centrotus midus was put into one molecular 
solution of urea for ten seconds and then into 
filtered sea water. All eggs formed the partheno¬ 
genetic fertilization membrane, hyaline mem¬ 
brane and monaster (Fig. 5). This experiment 
was repeated on the eggs of Strongylocentrotus 
pulcherrimus and Pseudocentrotus depressns. I 
could ascertain that the above fact is true also 
in these two species. The eggs of both species 
are activated to form the artificial membranes 
by treating them for seven to ten seconds 
with the molecular solution of urea (Figs. 6 
& 7). The optimum time of exposure m the 
urea solution is much shorter than that of 
butyric acid. In the latter case the optimum is 80 seconds for the egg 
of Pseudocentrotus (Fig. 6) and forty to sixty seconds for Strongylocentrotus 
pulcherrimus (Fig. 7) respectively. 

The activating effect of the isotonic urea solution agrees with that of 
butyric acid also in other points. As showed by Lillie (16 & 17) the 
swelling velocity of the egg in dilute sea water is much accelei ated by 
the membrane formation, either in normal fertilization or in artificial 
activation. This is also true when the unfertilized egg is activated with 
the urea solution. The unfertilized egg of Strongylocentrotus pulcherrimus 



Fig 5 Parthenogenetic 
monater in the egg of St 
nudus caused by the isotonic 
uiea solution. Diawn from 
a fixed and stained material. 
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Fig. 6. Pseudocentrotus depressus. The rale of parthenogenet it; mem¬ 
brane formation according to the time of washing m the isotonic urea solu¬ 
tion or in the butyric acid sea water. 



was treated for seven seconds with the urea solution, or for sixty seconds 
with the butyric acid sea water, prepared by mixing 6 cc of N/10 butyric 
acid with 100 cc of sea water. In both cases the artificial membranes 
were formed in 100 per cent. After thirty minutes of the membrane 
formation the swelling velocity of the egg was tested in fifty per cent 
sea water. The result was a large swelling velocity in the eggs treated 
either with the urea solution or the butyric acid sea water in comparison 
with that of a control of unfertilized egg (Fig. 8). This fact shows the 
similarity of the effect of urea solution and butyric acid in their quality. 

Moreover, the egg of Strongylocentrotus pulcherrimus develops to a 
gastrula when it is treated at first with the urea solution for seven seconds 
and then, ten minutes after this, treated for sixty minutes with a hypertonic 
sea water, which is made by mixing 5 cc of 2£ M NaCl to 100 cc of sea 
water. The rate of larvae * formed in this way are given in figure 9. 
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Fig. 8. St. pulchernmus. Swelling velocity of the eggs in 50?® sea 
water The volume of the eggs was plotted against the time in the dilute 
sea water. The swelling velocity of the unfertilized eggs, which are pre¬ 
viously washed either with the isotonic uiea solution or with the butyric 
acid sea water, are compared with that of the unfertilized control egg 
Each cuive repiesents the mean value of two eggs respectively 



Fig. 9. St. pulcherrimus . The rate of parthenogenetic lanae 
formed by means of the urea method. 


The optimum time of exposure to the hypertonic sea water is equal to 
the case, when the egg was activated at first with butyric acid. This 
shows that the isotonic urea solution is a parthenogenetic activator for 
the sea urchin egg, and that the effect of this solution is equal in its 
quality to butyric acid. 
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VI 

Ill the foregoing chapters I have compared the cl foci ol the molecular 
solution of urea with that of butyric acid. 1 conclude from (he above 
facts that one molecular solution of urea is a parthenogenetic activator 
for the sea urchin egg. Now, we must examine the activating cited ol 
the urea solution from the side of its osmotic pressure, because the osmotic 
pressure of a solution is one of the important factors on the parthenogene- 
tic activation. 

I made 2 mol., 1 mol. and 1/2 mol. aquaeous solutions ol urea. They 
are hypertonic, isotonic and hypotonic for the sea urchin egg respectively. 
In the isotonic solution the highest rate of membrane formation was ob¬ 
tained by treating the egg for seven to ten seconds. The rate of mem¬ 
brane formation decreases in relation to the length of lime of washing in 
this solution ; but even by the treatment for thirty seconds a few eggs 
formed the membranes (Fig. 10). In contrast with this, the tolerance of 



Fig. 10. St, pulchernmm Effect ol the osmotic pressure of the 
urea solutions on the rate of paithenogenotic membrane' formation. 

the egg for the membrane formation was very small, when it is treated 
with the hypertonic or hypotonic solution. In both cases the rale of 
membrane formation was highest at five seconds. When the treatment was 
longer or shorter than this, the rate decreased remarkably (Fig. 10), 

This result shows that the isotonic solution is most suitable for arti¬ 
ficial membrane formation among the above three solutions. In other 
words, the effect of hypertonic or hypotonic solution is severe in comparison 
with that of the isotonic solution. And, moreover, it suggests that the 
parthenogenetic activating effect of the urea solution is not simply caused 
by its osmotic pressure, because the effect of the hypertonic and hypotonic 
solutions are nearly similar. 
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VII 

Discussion, — I described a new fact that the eggs of the sea urchins, 
Strongylocentrotus nudus , St, pulcherrimus and Pseudocentrotus depressus , 
lose the capacity to form the membranes, if they are washed with the 
butyric acid sea water. In comparing this with the results obtained by 
Moore, 1 understand that the hydrogen ion concentration of the solution 
is not the first importance to cause the loss of the capacity of membrane 
formation of the egg. This view is supported also by the facts, that the 
egg does not lose perfectly the capacity of membrane formation by the 
acidic sea water, when hydrochloric acid is used (Gray ’22, Hobson ’27). 
Also the concentration of salts will have only an accessory meaning for 
this phenomenon. The presence of cations is not effective to protect the 
egg from the loss of the membrane forming capacity against the effect of 
butyric acid. In short, the development without membrane formation is 
not simply attributed to the concentration of hydrogen-ion or to the absence 
of metahc ions. Therefore, I conclude that the development without 
membrane formation is caused by the abnormal activation* of the egg. 

The egg is activated with the isotonic urea solution as well as with 
butyric acid. The lormer causes the membrane formation, aster formation, 
increase of permeability and also the parthenogenetic development. These 
effects are analogous to that of butyric acid. Moreover, the loss of capa¬ 
city of membrane formation can be caused by treating the egg for a long 
time either with the isotonic urea solution or with the butyric acid sea 
water. These phenomena are in the series of responses relating to the 
strength of effects of the reagents. The phenomena of the least effect 
are the parthenogenetic membrane formation. Both the urea solution and 
butyric acid do this by a treatment for a short time. Next, if the action 
ol these solutions is longer continued, the egg will not elevate the fertili¬ 
zation membrane perfectly, although easily be seminated. In the case of 
the strongest effect, the capacity of membrane formation is lost, and thus 
the connections among the blastomeres become loose. And if we care for 
the fact that these two reagents are the parthenogenetic activators, it will 
be rational to consider the above series of responses of the egg as in 
accordance with the magnitude of stimulus to development. When the 
egg is previously activated sufficiently either with the urea solution or 
butyric acid and then inseminated, it suffers a greater stimulus of develop- 

,{ The idea of activation of the egg is defined as a phenomenon of changes in a direc¬ 
tion to development. 
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ment than the normal egg, because in this case the stimulus of a sperm 
is added to that of the foregoing parthenogenetic activator. Therefore, the 
loss of the capacity of membrane formation will be caused by the strongest 
stimulus, which is an additive effect of a sperm and of the partheno- 
genetic activation. If we remember the facts, that these two reagents are 
not unlike in their physico-chemical properties, we must be satisfied with 
the explanation, that the development without membrane formation will 
be caused by the additive effect of the stimuli of a sperm and of a per- 
thenogenetic activator of a sufficient strength. 

As pointed out by Lillie (TO, Tl), the sea urchin egg is activated 
when it is treated with an isotonic solution of pure salt. And the addition 
of small quantities of calcium chloride to the isotonic solution of sodium 
salts prevents the membrane formation and initiation of cell division which 
are typically induced by the pure solution. It will be expected that if the 
salts of sea water are added to the isotonic urea solution, the activating 
power of the urea solution will be canceled. But I did not carry out this 
experiment. 


SUMMARY 

1) The capacity to form the fertilization- and the hyalme-membrane is 
inhibited by previously activating the eggs of the sea urchins, Strongylo - 
centrotus nudus , Strongylocentrotus pulcherrimus and Psedocentrotus depres - 
sus with the butyric acid sea water. In other words, the development 
without membrane formation is caused by adding the effect of a sperm to 
that of the par thenogenetic activators, such as the butyric acid sea water 
or the urea solution, 

2) Isotonic, hypertonic and hypotonic urea solutions act as parthono- 
genetic activators on the sea urchin egg. The egg of Strongylocentrotus 
pulcherrimus develops to a gastrula when it is treated at first with the 
isotonic urea solution for seven seconds and then, ten minutes after this, 
treated for sixty minutes with the hypertonic sea water. 

3) Both the butyric acid sea water and the urea solution are alike in 
their activating effect. 

4) The butyric acid sea water and the urea solution work on the al¬ 
ready formed hyaline membrane in a different manner. It is dissolved in 
the urea solution, but is not dissolved in the butyric acid sea water. 
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I. REACTION OF THE LEUCOCYTES OF A HOLOTHURID, 

CAUD1NA CHILENSIS (J. Muller), TO VITAL DYES 5 ) 

By 
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During the summer of 1932 I made some observations on the reaction 
of the leucocytes of a holothund, Caudma chilensis (J. Muller), to vital 
dyes. The work was carried on at the Asamushi Marine Biological Station 
of the Tohoku Imperial University. I wish to express my hearty thanks 
to Prof. S. II atai for his kind advice and valuable criticism on the present 
work. 

MATERIAL AND METHODS 

The animals were collected from the vicinity of the station, and kept 
in the aquariums which were filled with grains of fine sand. 

As the vital dyes, I used trypan blue and carmine. These dyes were 
harmless enough to enable an amount to be administered which would 
produce visible staining in the corpuscles. 

Trypan blue was used in the form of 0.1 per cent solution in sea 
water. The Solution was boiled and filtered when cooled. Intraperitoneally 
the dosage for Caudma was 5 c.c. of 0.1 per cent solution per 100 g. 
body weight. Intense vital staining was obtained by three to four injections 
every other day. 

Following Dr. Murata’s (Late Prof, of Osaka Imperial University) 
suggestion I used sodium carmine instead of lithium carmine. Sodium 
carmine is prepared by adding 4 per cent in weight of pure carmine to 
a saturated aqueous solution of sodium bicarbonate. The carmine dissolved 
readily, forming a purplish red solution. The solution should be boiled 
and filtered when cooled. This original solution was diluted just before 

U The expenses of these investigations were defra>ed by a grant from the Department 
of Education for which I express my indebtedness. 

^Contribution from the Marine Biological Station, Asamushi, Aomori-ken. No. 113. 
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administration about ten times with distiled water. Caudina received 2 c.c. 
of this solution per 100 g. body weight, and three to four injections at 
an interval of two days were always given. 1 also administered trypan 
blue and carmine in combination. In such cases the dosage of two solutions 
was just half of that above mentioned. After three days of the latest 
injection, the perivisceral fluid was drawn and examined under the oil- 
immersion lens. 


OBSERVATIONS 

Of the histological study on the coelomic corpuscles of Caudina , there 
is an excellent report by Kawamoto. He distinguished six kinds of 
corpuscles: red, white, minute, brown, fusiform, and crystal corpuscle, in 
these cells, in the present investigation, the red and crystal corpuscles 
showed negative reaction to the vital staining. In the supravital staining, 
however, the bright, brown granules of red corpuscles were stained by 
neutral red. 

Kawamoto described two subtypes of white corpuscles. One contains 
many colorles spherules, and has lobed-shaped pscudopoclia. Another kind 
of corpuscles move more actively and the spherules are more sparsely 
distributed than in the former type. Kindred (’21) distinguished also two 
kinds of the white corpuscles of Arbacia . Leucocytes, the first type, are 
the most generalized cells in the perivisceral fluid and they are highly 
phagocytic, thrombogenic and scleroblastic. The amoebocytes with spherules, 
the second type, carry on none of these functions. He states in another 
paper (’26) that the leucocytes and amoebocytes have genetically equal 
origin, and the amoebocytes with spherules is inferred to arise from the 
leucocyte which has ingested food. It seems to me that the descriptions 
of the white corpuscles of Caudina and Arbacia are well concordant with 
each other: viz. the white corpuscles which belong to the first type of 
Kawamoto agree with Kindred’s amocbocyte with spherules, and Kawa¬ 
moto’s second type of white corpuscles with Kindred’s leucocytes. So 1 
wish to apply the terms “leucocyte” and “amoeboeyte with spherules” 
to the white corpuscles of Caudina. 

Kindred reported that no success was met with in the attempt to 
stain the leucocytes of Arbacia by the injection of vital dyes. In the 
present investigation of Caudina , however, fine results were obtained 
constantly with trypan blue and carmine. It is frequently seen that the 
cytoplasm of leucocyte was filled densely with dye granules (carmine or 
trypan blue, or both of them when they were introduced in combination). 
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The amoebocytes with spherules contain, of course, the dye granules not 
at all or very sparsely. Between these two extremes there exist various 
transitional stages of staining. The presence of these grades seems to be 
very reasonable, if the amoebocytes arise from the leucocytes as a result 
of active phagocytosis. For the leucocytes which have less ingested food 
will be able to devour more dye granules. 

In the case of the injection m which trypan blue and carmine were 
intioduced in combination, we can find the leucocytes in various stages of 
staining. Some are stained only with either trypan blue or carmine; 
others accumulated the granules of both dyes m various proportions. There 
were also corpuscles which contained the purple granules upon rare 
occasions. 

A drop of perivisceral fluid of Caudina freshly drawn, when placed 
on a cover slip, immediately shows signs of agglutination. When the 



Fig. 1. The clotting formation of leucocytes. All cells are filled with 
the vital-dye granules, x 1100. 

animal was previously administered with vital dyes, the greater part of 
cells forming clotting are intensively stained with dyes (Fig. 1). This fact 
proves that the cells which partake the clotting formation are chiefly the 
leucocytes. 

Thkel (’20-21) reported the syncitium formation by the fusion of 
many “ plasma-amoebocytes ” of a holothurid, Labidoplax buskii. I also 
found occasionally the presence of fused leucocytes with pseudopodia (Fig. 
2). The number of fused cells was, however, limited constantly to only 
two in the present case. So I suppose this fusion may be a result of 
amitotic division of leucocytes. 
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Fig. 2. The fusion of two leucocytes, x 1400. 


Agglutinated leucocytes usually lose their proper forms, owing to the 
mutual pressure. Distinct boundaries of cells, however, were seen in every 
leucocyte. The distinction of cell identity was easier in the vitally stained 

cells compared with the colorless cells. 
The pseudopodia disappeared m the cells 
which were located in the center of cell- 
clotting, while the cells which were peri¬ 
pherally did not lose the pseudopodia on 
their free surfaces. 

As a result of vital dye-injection, the 
fusiform cells with or without pseudopodia 
increased in the coelomic fluid (Fig. yS). 
These cells might originate chiefly from 
the epithelium of the coelomic wall or the 
water vascular system. For the numbers 
of spindle cells containing dye granules 
were seen in these portions, and they were 
just ready to begin proliferation. 

The leucocytes and amoebocytes of 
Caudina in vitro have long, spine-like, 
branching or not branching pseudopodia 
projecting in all directions, Goodrich 
(’19) claims, however, that the leucocytes of the blood or coelomic fluid 
of the invertebrates Coelomata are provided with more or less extensive 



Fig. 3. Fusiform cells with or 
without pseudopodia. X 1400. 
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Fig. 4. a Leucocyte in vitro Fine, spine-shaped pseudopodia are seen 
In the cytoplasm, there are three vacuoles and many dye granules. X 1400. 
b — g. Leucocytes after the fixation using Goodrich’s method. X 1400. 


membranous processes of cytoplasm. According to him the freely pro¬ 
jecting pseudopodia usually described are either figured from optical sections 
of the folded membranes or from the cells which have produced them 
under abnormal conditions. Following 
Goodrich’s method of fixation (a strong \ 

solution of iodine in potassium iodide 
may be used) one is able to detect the 
presence of membranous pseudopodia 
in the leucocytes and amoebocytes of 
Caudina (Fig. 4). 

In addition to the leucocytes and 
amoebocytes with colorless spherules, Fig. 5. a Amoehocyte with brown 
the amoebocytes with brown spherules spherules and vital-dye granules 

and minute corpuscles showed occasion- , ,,, . , *, , 

r b. Minute corpuscles with vital-dye 

ally tho positive reaction to the vital granules, x 1400. 

staining, but the number of dye granules 

was relatively few in these corpuscles (Fig. 5), 
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SUMMARY 

1. The reaction of coelomic corpuscles of Caudina chdensis to trypan 
blue and carmine was examined. The white, fusiform, brown, and minute 
corpuscles ingested these dyes abundantly or sparsely, while red, and crystal 
corpuscles contained none o[ them. 

2. The white corpuscles may be divided into two groups : the leucocytes 
and amoebocytes with colorless spherules. The former show active vital- 
dye ingestion while the latter none or less active. 

3. The coelomic corpuscles tend to agglutinate in drawn perivisceral 
fluid. The cells forming the clotting are chiefly leucocytes. 

4. As a result of the vital staining, the number of fusiform cells in 
the perivisceral fluid was increased. 
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Hatai (’30) found a new species of earth worm, Drawida hattamimizu , 
recently. I set about the histological study on the body fluid of this earth 
worm, under the kind suggestion of Prof. Hatai. I should like to express 
my indebtedness to him for his interest in this work. 

The microscopic observations of the body fluid of the oligochaetes have 
been made by Rolleston (1877), Cuenot (1891), Keng (1895), Rosa 
(1896), Benham (’01), Kollmann (’08) and some other investigators, but 
so far as 1 am aware no complete report has appeared on the leucocytes 
of worms belonging to Momligastridae. 

material and methods 

Drawida hattamimizu were collected exclusively from Hattamura, a 
village near Kahoku lake in the prefecture of Ishikawa. The first observa¬ 
tion was made of coelomic corpuscles in vitro in a hanging drop of body 
fluid. For the reaction of the coelomic corpuscles to vital stains, trypan 
blue and carmine were used. The preparation of these dye-solutions 
followed the processes which have been described in the fore-going paper. 
Intraperitoneally the dosage of trypan blue for worms is generally 0.2 c.c. 
of 0.1 per cent solution per 10 g. body weight. The injection of a larger 
amount frequently causes the splitting of worm body from the portion of 
administration. The tolerated dose of carmine is 0.2 c.c. of 0.5 per cent 
solution per 10 g. body weight. For the study of stained smears, May- 
Giemsa’s and Wright’s methods were employed. 

OBSERVATIONS 

Five types of coelomic corpuscles are present in the body fluid of 
Drawida hattamimizu: a) Lymphocytes; b) Monocytes; c) Granulocytes ; 
d) Lamprocytes; and e) Linocytes. 
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a) Lymphocytes. This kind of leucocytes is most abundant in the body 
fluid, and they constitute about 53 per cent of total leucocyte count. The 
lymphocytes in vitro are minute spherical cells with fine pseudopodia, 
measuring about 4 to 8 micra in diameter. The nucleus is ovoid and 
coarsely granular. The ratio of nuclear mass to cytoplasmic mass is i athei 
low when compared with the lymphocytes of the vertebrates. Single 
nucleus is usually found at the eccentric position, but two nuclei may be 
seen upon rare occasions. The cytoplasm is homogeneous and sometimes 
contains minute vacuoles. The lymphocytes showed active phagocytosis. 
They contained the granules of trypan blue or carmine in the vital prepara¬ 
tions with these dyes (Plate If, Fig. 4-5). 

In smears of the body fluid, stained with either May-Giemsa s or 
Wright’s stain, the lymphocytes are more or less basophilic (PL II, big. 
1-3). The nucleus is stained reddish purple in color, and deeply basophilic 
coarse granular substances are visible. In the cytoplasm, more or less 
stained deep bluish depending upon the degree of flattening of the cells 
when smeared, clear vacuoles are occasionally present. The lymphocytes 
showed agglutination into plasmodia in vitro, but the boundaries of every 
cell distinctly remained. In both the vital and smear preparations such 
massing of lymphocytes is also frequently found. 

b) Monocytes. The monocytes when observed in vitro are apparently 
of the same nature as regards their cytoplasmic contents and nuclear 
structure, but the cells are larger and measure about 8-12 micra in diameter. 
They are actively phagocytic, amoeboid, and tend to agglutinate into 
plasmoid. In the smears, pseuclopodia were frequently well reserved (PL 
II, Fig. 6). The nucleus is large, situated eccentrically, and occupies about 
half of the total cell mass. The form of nucleus is oval, lobcd, or bean¬ 
shaped* Trypan blue and carmine used vitally have the same effect upon the 
cytoplasm of monocytes as they have upon that of lymphocytes (PL II, 
Fig. 8-9). Different count of monocyte is 11 per cent. 

The pseudopodia of lymphocytes and monocytes are long and spine¬ 
shaped, and projecting in one side or in all directions, when the body 
fluid is examined in vitro (Text-fig. 1, a, b)« After Goodrich’s method 
of fixation, which I have cited in the fore-going paper, the pseudopodia 
are membranous or petaloid (Text-fig. 1, c — k). 

In May-Giemsa’s or Wright’s stain, the nucleus is basophilic and of 
coarse granules. The cytoplasm is also basophilic, but occasionally the 
acidophilic, minute granules, scattered in the inner zone of cytoplasm, were 
observed. 
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Text Fig 1. $ — b. Lymphocytes in vitio. X 1400. 

c — k. Lymphocytes after the fixation of Goodrich’s method. 

Various from of pseudopodia are seen. 

1. Granulocyte in vitro. 


c) Granulocytes. In this group of leucocytes two subtypes are dis¬ 
tinguished. 

1. Eosinophilic granulocytes. These cells present in the body fluid 
of Drawida very abundantly, and they constitute about 32 per cent of 
total leucocyte count. Such high percentage of eosinophils may be due 
to the infection of a gregarine, Monocystis sp. which is found very abun¬ 
dantly in the intestine of the worm. The size of eosinophils varies remark¬ 
ably. A great majority of eosinophils are of the same size or two to three 
times larger than the monocytes, but some of them are as small as the 
lymphocytes (PL II, Fig. 10-12). Between these two extremes there are 
all degrees of size. The nucleus is small, and more spherical and coarser 
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than that of lymphocytes. The number of nuclei is usally only one, but 
there are occasionally the eosinophils which posses two or three nuclei 
(PL II, Fig. 12). 

In smears the coarse chromatin granules are stained reddish purple. 
The cytoplasm is filled with spherical eosinophilic granules. Regard¬ 
ing these granules, the eosinophils are divided into two groups, those 
with fine granules and those with coarse granules. The former arc less 
numerous than the latter. In a given cell, however, these granules are 
usually almost the same size. The eosinophils are exclusively negative to 
the vital stains, but show slow amoeboid movement. 

2. Basophilic granulocytes. In the body fluid of Drawida , these cells 
are difficult to find because they form only about ^ to 1 per cent of the 
total number of leucocytes. They measure about 10 micra in diameter. 
The nucleus is oval or spherical in form, with eccentric location, and 
usually hidden by the granules (PL II, Fig. 13-15). The chromatins are 
as coarse and pale as those of the eosinophils. The granules in the 
protoplasm of the living cells are highly refringent. In smears, the granules 
are intensely stained with basophilic dyes, and show the motachromaticity. 
No granule of trypan blue or carmine was observed in the basophilic 
granulocytes drawn from worms injected with vital dyes. 

d) Lamprocytes. The lamprocytes are one of the characteristic elements 
of the body fluid of the earth worm. The size of lamprocytes varies; all 
transitions occur from the size of a monocyte to the cells whose diameter 
is two or three times larger than the monocyte (PL II, Fig. 16-18). Their 
form is spherical or often flattened. They possess usually a single nucleus, 
but occasionally two or more. The nucleus is relatively small, regularly 
round, oval or bean-shaped, and has an eccentric position. The lamprocytes 
are surrounded by a pellicle and do not form pseudopodia. The cytoplasm 
is filled with a number of closely arranged vacuoles. The number of 
lamprocytes in the body fluid varies from 1 to 4 per cent of the total 
leucocyte count. 

In smears stained with May-Giemsa’s or Wight’s stain the cytoplasm 
of lamprocytes has a faintly metachromatic tinctorial reaction. The nucleus 
is sometimes pycnotic. 

e) Linocytes. This type of leucocytes is found also very sparsely in 
the body fluid of worms. They are cells of about the size of the lam¬ 
procytes, but may be larger or smaller, depending upon the stage of develop¬ 
ment. They are filled with either a single large vacuole or a number of 
irregularly sized vacuoles in thp. cytoplasm (PL II, Fig. 19-22). Goodrich 
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(1896), Benham (’01), Kindred (’29) and other authors reported the 
presence of a coiled thread in the vacuoles of lmocytes, but I failed 
to detect such a content in any leucocytes of Drawida. Benham (’01) 
made detailed observations upon the development of linocytes of some 
acanthodrilids. According to his description the hnocyte is at first spherical, 
colorless, non-amoeboid cell, filled with cytoplasm only. A little afterwards 
numerous vacuoles become visible in the cytoplasm. These vacuoles 
gradually increase in size by the union of smaller vacuoles with one another. 
Then the outline of the united vacuoles become refringent and forms a 
circular ring, and from this ring fine threads are produced. I was able 
to find occasionally the presence of refrmgent rings at the marginal portion 
of large vacuoles. And from this fact it is probable that the lmocytes 
on which I made observation were young ones. In the lmocytes which 
have single large vacuole the nucleus is pushed to one side. 

In smears stained with May-Giemsa’s or Wright’s stain there could 
be seen the linoeile with large irregularly shaped vacuoles which show 
faintly acidophilic reaction (PL II, Fig. 20-21). The nucleus is spherical 
or oval, and deeply basophilic. The cytoplasm is also more or less basophilic. 
It is curious to me that some of lmocytes showed positive reaction to 
vital staining with trypan blue while they are non-amoeboid cells (PL II, 
Fig. 22). 

f) Other cells free in the perivisceral fluid. In addition to the leuco¬ 
cytes, the perivisceral fluid contains detached chloragocytes and peritoneal 
cells. The chloragocyts are easily distinguished from the leucocytes by 
their content of brownish yellow globules (PL II, Fig. 23). 

The parietal peritoneal cells are elongated and spindrical in shape, 
and have usually several free projecting pseudopodia, chiefly arising from 
both ends of the cell body. In smears, the nucleus is oval, granular, and 
basophilic. The cytoplasm is also slightly basophilic and metachromatic. 
The peritoneal cells show positive reaction to the vital staining with trypan 
blue or carmine. 

COMPARISON OF THE CELLS WITH THOSE OF 
OTHER OLIGOCHAET£ S 

The knowledge of the leucocytes of the oligochaetes has shown great 
advance in this century. In his monograph, Beddard (1895) states that 
in the higher oligochaetes the corpuscles are apparently of two kinds: 
amoeboid cells and large spherical cells loaded with granules. Stephenson 
(’30) gives also information as to the formed constituents of the body fluid 
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in his monograph. He enumerates seven kinds of leucocytes : amoebocytcs, 
vacuolar lymphocytes, eleocytes, nemerocytes, linocytes, lamprocytes, and 
mucocytes. Leading contributors of this field are Rosa, Benham, Oitknot, 
Kollmann, Joseph (’09) and so forth. Recently Kindred (’29) published 
a report on the leucocytes and leucocytopoietie organs of Pheretima indica. 
The result of the present investigation bears close resemblance to that of 
Kindred in general. He found five types of leucocytes in the body (luid 
of Pheretima indica: lymphocytes, monocytes, granulocytes, lamprocytes, 
and linocytes. Just the same kinds of leucocytes were also found in the 
present investigation. In the case of Pheretima indica , the count of 
granulocytes is surpassed by the count of monocytes, while in the case of 
Drawida the relation is just the reverse. Kindred stated that some 
granulocytes of JP. indica contain granules with a metachromatic purple 
tinctorial reaction, and he interpreted these granules as stages in the 
development of eosinophilic granules. I failed to detect the presence of 
such transitional granulocytes. 

In his report, Hatai stated that the original home land of D. hatta - 
mimizu might be either India, Java, or the Philippine islands. The 
localities of P. indica are also India, Java and so forth. Therefore both 
species correspond in that they belong to tropical or subtropical earth 
worms. Is it unreasonable to suppose that the close resemblance of the 
leucocytes in these species is due to the close relation of their original 
home land? 


SUMMARY 

1. The body fluid of Drawida haitamimizu contains five types of 
leucocytes: the lymphocytes, the monocytes, the granulocytes, the lampro¬ 
cytes, and the linocytes. In addition to the leucocytes the perivisceral 
fluid contains detached chloragocytes and peritoneal cells. 

2. The lymphocytes, monocytes and peritoneal cells show the positive 
reaction to the vital staining with trypan blue and carmine. The vital 
preparation of linocytes contained also granules of trypan blue upon rare 
occasions. 

3. The predominance of eosinophilic granulocytes may be enumerated 
as a charateristic feature of blood picture of D. haitamimizu . They 
constitute about 32 per cent of total leucocyte count. 

4. The experiment failed to detect the thread-like substance in the 
cytoplasm of linocytes. 
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PLATE II 

DESCRIPTION OF FIGURES 

All of the figures illustrating this plate were drawn with the aid of 
camera lucida, X 2000. 

1-3 Lymphocytes from smears of perivisceral fluid. May-Giemsa. 

4-5 Lymphocytes in vitro, vitally stained with trypan blue. 

6-7 Monocytes. Smear. May-Giemsa. 

8-9 Monocytes in vitio, vitally stained with trypan blue. 

10-12 Three types of eosinophilic granulocytes. Smear. May-Giemsa, 

13-15 Three types of basophilic granulocytes. Smear. May-Giemsa 
16-18 Lampioeytcs. Smear. May-Giemsa. 

19 Linocytes with many vaccuoles. Smear May-Giemsa. 

20-21 Linocyte with large single vacuole. Smear May-Giemsa. 

22 Linocyte in vitro. Vitally stained with trypan blue 

23 Chloragocyte. Smear. Giemsa 

24-26 Parietal peritoneal cells. Smear. May-Giemsa, 
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INTRODUCTION 

It is generally thought that the animals which normally exist in the 
absence of oxygen consume the glycogen stored in their bodies for certain 
manifestation of life, giving as a product carbon dioxide. Ascaris is, 
therefore, very instructive for investigation of anaerobic respiration because 
of the fact that they live in the small intestine, where oxygen is almost 
absent and furthermore they contain a large quantity of glycogen m their 
bodies as has already been stated by Weinland (1901-1906) in Ascaris 
lumbricoides and also by the present author (1932) in Ascaris megalocephala. 

The usual seat of ascaris in host is the small intestine, but they often 
wander into the stomach, and exceptionally get into the bronchi, nose, 
coelom, etc., where oxygen is present. Ascaris may be, therefore, a worm 
of facultative anaerobic existence, accordingly the respiratory exchange of 
ascaris in presence of oxygen is also of interest. 

The most recent work on the respiratory exchange of the ascaris is 
that of Weinland (1901-1906). He found that Ascaris lumbricoides 
outputs 0.4 g. of carbon dioxide in twenty-four hours in the absence of 
oxygen. As far as I know, however, there is no one who has studied the 
respiratory exchange in Ascaris megalocephala in the absence of oxygen, 
still less in the presence of it. 

In the present work I have dealt with the respiratory exchange in 
the absence of oxygen from a healthy condition to the point of death, 
as the second step of investigations concerning the anaerobic changes of 
the ascaris, with the hope of obtaining further data about the metabolism 
of the glycogen stored in the worm, and also with the respiratory exchange 
in presence of oxygen to determine the question as to whether the oxygen 
consumption is possible or not. 
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MATERIAL AND METHOD 

The ascandes used in my experiment were found in the small intestines 
of horses raised for anatomical i esearchcs of the students of the Morioka 
Imperial College of Agriculture and Forestry. Some of the specimens 
were also collected from the Morioka Slaughter House. In this experi¬ 
ment only fresh, healthy specimens varying m weight from about 2 to 
7 gms. m the female worms and from 1 to 2 gms. in the male ones, were 
used. 

For the determining of the amount of carbon dioxide produced in the 
anaerobic existence of the worm, the following medium was used ; Ringer’s 
solution was boiled in order to drive off the oxygen and then saturated 
with nitrogen that was purified by passing it through a pyrogallic acid 
solution. Thus the solution contained no oxygen. 

For the determining not only the amount of carbon dioxide produced, 
but also the oxygen consumed in the aerobic existence of the worm, 
Ringer’s solution of a known concentration of oxygen and carbon dioxide 
was used. 

Preceding the experiment each specimen was kept in the solution for 
several hours at the temperature to which it was to be subjected. Hie 
specimens were placed separatly in a glass bottle containing 500 ec. of 
the solution above mentioned. In order to prevent direct contact with 
the air, the top of the solution was covered with paraffin oil about 5 cm. 
thick, as is usual in such experiments. It was not necessary to stir the 
medium during the experiments, because a uniform distribution of the 
gases in the medium was facilitated by the continuous peristaltic movement 
of the worm. By placing the bottle in a thermostat the temperature was 
kept constant at 38°C. which is the normal body temperature of the horse. 
Under these conditions the worm lived for about 25 to 40 hours. 

To determine the decrease and the increase of the oxygen and the 
carbon dioxide in the medium, caused by the respiration of the worm, 
Van Slyke’s method was used. In my experiment, 2 ec. of medium at 
fixed intervals were used for analysis. 

1 N. lactic acid was used for freeing the carbon dioxide from the 
medium which contain carbonate. 

The reagent used for the absorption of the oxygen was alkaline 
pyrogallol, while for the absorption of the carbon dioxide a 5 N. sodium 
hydroxide solution was used. 
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RESULT OF THE EXPERIMENT 

Preceding the experiment on the respiratory exchange of Ascaris 
megalocephala Cloq., I have analysed the gases of the intestinal fluid of 
the horse, with the following result. 



Total CO 2 in 
Vol 

Free C0 2 in 
Vol. % 

CO 2 as carbon¬ 
ates in Vol % 

Oo in Vol % 

Duodenum 

68.515 

6.334 

62.189 

0.031 

Jejunum 

70.520 

8.167 

62.351 

0.016 


As will be seen from the above table, the total amount of carbon 
dioxide contained in the intestinal fluid of the horse is about 70 per cent, 
7 per cent being free carbon dioxide and 63 per cent is combined as 
carbonates, while oxygen is almost absent, being only about 0.02 per cent. 
Ascaris megalocephala is, therefore, anaerobic in its usual seat. 

1. Results Obtained for the Respiratory Exchange in 
Absence of Oxygen 

The full test of each experiment is not given, but I may add that 
the range of variation was very small throughout the entire series of 
experiments. I have given the numerical data of three cases only, the 
first representing the adult females, the second the young females and 
the third the males, in Table I, and that of others are shown only by 
curves. 


Table I 

Carbon dioxide evolved in absence of oxygen 


Body weight 

Time in 

GO> content in 

CO* evolved in 

in gms. 

hours 

Vol. % 

Vol. % 


0 

3.854 



1 

3.907 

0.053 


3 

3.996 

0 142 


5 

3.786 

0 


7 

3.985 

0.131 


9 

3.852 

0 

5.20(4-) 

10 

4.360 

0.406 


12 

4.485 

0.631 


14 

4.501 

0.647 


18 

4.577 

'0.723 


21 

4.621 

0.767 


23 

4.635 

0.781 
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Body weight 

Time in 

COg content in 

COo evolved in 

m gms 

houi s 

Vol. % 

Vol fa 


0 

4 013 



2 

4.013 

0 


4 

4.088 

0 075 


7 

4 042 

0.029 

2.9K4-) 

12 

•1 058 

0.045 

15 

4.428 

0.415 


23 

4.498 

0.485 


1 28 

4.483 

0.570 


32 

4.527 

0.614 


0 

5 282 



2 

5.264 

0 


5 

5 527 

0.217 

1.29(£) 

10 

5.330 

0.052 

15 

5.269 

0 


27 

5.354 

0.072 


33 

5.395 

0 113 



Fig 1. Showing the changes in COa evolved in the medium deprived 
of oxygen. 

1. Adult female (5.20 gms.5 2. Young female (2 95 gmO 

3 Adult male (1.29 gms.) 

As is shown in Tabic I and Figure 1, no carbon dioxide production 
occurs during the first several hours of the experiment. In about from 
9 to 12 hours, however, its production begins. This continues only for a 
short time; succeeding period shows almost no more production until 
approaching the point of death. It is also to be noticed in the same table 
and the figure that the amount of carbon dioxide produced in the large 
female is greater than that in the small female and the male, and that the 
duration from the beginning of the experiment to the point at which the 
carbon dioxide production rises is shorter in the former than in the latter. 
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From the result above obtained, it is noted that the ascaris can live 
without oxygen and no carbon dioxide production occurs, except the du¬ 
ration of a few hours in the middle of the experiment, showing a true 
fermentation process. It seems to me that since a great amount of gly¬ 
cogen normally exists m Ascaris megalocephala , as already mentioned in 
a previous paper (1932), fermentation process undergoes, by which the 
glycogen probably split into some intermediate substances, but at once it 
would be used up for reduction process, as has been suggested by Wein- 
LAND in Ascaris lumbricoides. 

As regards the carbon dioxide produced for a time in the course of 
the experiment, I noticed the following relation: first, as I have already 
stated m a previous paper (1932), a large amount of glycogen which is 
supposed to be used up for active growth of the developing young cells 
is stored in the reproductive organ of the large female ascaris, buc only 
a small amount of it is stored in that of the small female and the male 
ascaris, accordingly more carbon dioxide would be derived from the gly¬ 
cogen m the jormer than m the latter; second, since in about from 9 to 
12 hours ot the expeiiment, when the carbon dioxide production begins, 
Ringer’s solution used very likely becomes acidic (pH 6.0-6.5), suggesting 
the intermediate substances, such as lactic acid or valerianic acid, are 
formed from carbohydrates in the tissues of the worm, as is usual in 
anaerobic changes, it is highly probable that the carbon dioxide would be 
produced from the carbonate which may exist in the worm, and the larger 
the worm, the more carbonate would be decomposed owing to its greater 
amount. To support the view just stated I notice in lable I and Figure 
1 that the amount of carbon dioxide produced is greater in the large 
female than in the small female and the male. 

2. Results Obtained for the Respiratory Exchange 
in Presence of Oxygen 

The results obtained at 38°C. are given in Table II, and are shown 
graphically in Figures 2 and 3. In Table III are given the results obtain¬ 
ed at room temperature (16°-19°C.). 

As will be seen in Table II and Figures 2 and 3, no oxygen consump¬ 
tion nor carbon dioxide production occurs during the first several hours of 
the experiment. In about from 4 (female) to 20 hours (male), however, 
the oxygen consumption begins. This continues at almost the same rate 
during several hours afterwards until the oxygen tension in the medium 
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Table II 

Carbon dioxide evolved and oxygen consumed m presence of oxygen 


Body 

Time in j 

Oo content 

Gj consumed 

CO^ < ontent 

CXh> evolved 

Respiratory 

weight 

horn s 

in Vol | 

in Vol % 

in Vol % 

in Vol 'u 

I quotient 

in gms. 

i 






0 

0.48(1 


5.327 




l 

0.456 i 

0.050 

5.321 

0 



o 

0.486 

! o 

5.359 

j 0 032 



3 

0 4S7 i 

o 

5.301 i 

0 



5 

0.473 

0 . 01 ,'! 

5.372 

0.015 

3. 160 

*7 oo 

9 

0.321 

1 0 165 

5.450 

0.123 

0.715 

(4) 

13 

0.218 

0.26S 

5.583 l 

0.256 

0.955 

15 

0.093 

0.392 

ti. 57 .'; 

1.216 

3.178 


18 

0.046 

0.439 

6.554 

1.227 

2.393 


22 ‘ 

0.062 

0.421 1 

6.580 

1.253 

2.861 


26 

0.059 

0.427 ! 

6.515 

1 278 

2.852 


[ 2S 

1 

0.031 

0.455 

6.720 

1.375 

3.022 


0 

0 513 

i 

5.444 




2 

0.513 

i o 

5.465 

0.021 



:) 

0.512 

! 0 

5.380 

0 



5 

0.51:: 

1 0 

5.441 

0 



8 

0 513 

(. o 

5.444 

0 


2 26 

32 

| 0.530 

! o 

! 5.181 

0 


(4-J 

20 

0 437 

: 0.076 

! 5.165 

0.012 

0.276) 

22 

0.312 

j 0.101 

I 5.478 

0.031 

| 0.337 


1 25 

0.091 

! 0 422 

! 5.807 

| 0 373 

0.884 

j 

27 

0.091 

! 0.422 

! 5.933 

! 0 489 

i 1.159 


2S I 

0.061 

0.452 

5.879 1 

0.43“) 

0.962 


32 

0.090 

0.423 j 

5.933 

0.489 

1 156 


0 ' 

0.565 


5.243 

1 



2 

! 0.557 

i 0.008 

5.298 

0.055 



3 

0.539 

0.026 

5.171 

0 



8 

0.570 

! 0.005 

— 




| 15 

0.483 

! 0.082 

1 5.118 

0 


1.05 

; 19 

0 480 

0.085 

5.218 

0 


(t) 

1 oo 

0.211 

0.354 

1 5.280 

0.037 

0.105 


1 23 

, 0.27G 

0.289 

! 5.691 

0.4-18 

l 1.619 


I 24 

! 0.150 

0.415 

5 654 

0.411 

i 0.988 


! 27 

; o.oi5 

0.520 

5.704 

0.521 

! 1.002 


| 36 

0.047 

i 0.518 

l 5.813 

0.570 

| 1.120 


| 42 

0 000 

: 0.475 

5,829 

0.586 

1.254 


becomes about 0.06, indicating that the rate of the oxygen eonsum|>tion 
is independent of the oxygen tension m the medium as in the aerobic ani¬ 
mals. It is also to be noted that during the period just mentioned the 
carbon dioxide production occurs in the same manner as at the experiment 
in absence of oxygen, though a smaller amount of it is obtained in this ease. 

There is remarkable variation in the respiratory exchange between the 
male and the female; the carbon dioxide production is approximately par¬ 
allel to the oxygen consumption in the male, but not in the female, in 
which the amount of carbon dioxide produced exceeds that of the oxygen 
consumed. 
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Table ill 

Carbon dioxide evolved and oxygen consumed in presence 
of oxygen (lff-19*C.) 


Body ! 
weight 

Time m 

0 > content 

0 2 consumed 

hums 

m Vol, °o 

j in Vol ° y o 

in gms 

0 

0.709 

! 

A. 10 

m ; 

0.623 

! 0 086 i 

1 Hi ! 

0.125 

: 0.384 

07 ! 

0.031 

0.67S ; 


87 ' 

0.031 

0.67S i 


o ! 

0.623 

1 

3 .85 

it) 

19 j 

0.436 

| 0.1S7 

<n \ 

0.125 

i 0.498 

m j 

0.031 

| 0.582 


S5 | 

0.031 

1 0.682 


C0 2 content 

C0 2 evolved 

Respiratory 

in Vol % 

in Vol f© 

quotient 

4.72S 



4.794 | 

0.066 

0 767 

5 556 1 

0 826 | 

1.414 

5.999 

1 1.271 

1.S75 

6.194 

1.466 I 

2.162 

5.195 

i 


5.2SS 

0.093 

0 492 

5.580 

0.385 

| 0 853 

5.732 

I 0.537 

! 0.924 

5.675 

0.480 

! 0.828 


As is shown in Tabic III, a similar relation, as far as the oxygen con¬ 
sumption and the carbon dioxide production concern, is also observed in 
the experiment at room temperature. In this case, the survival of the 
worm is twice as much as at 38°C. 

The results obtained from the above experiment seem to indicate that 



Time 


Fig. 2 Showing the changes in 0 2 consumed and C0 2 evolved in 
the medium supplied of oxygen (Adult female). 

1 COj evolved. 2. 0 2 consumed. 3. 0 2 tension. 
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Fig 3. Showing the changes in 0„* consumed ami C(X> evolml in the medium 
supplied of oxygen (Adult male) 

i. CO 2 evolved 2. Oj consumed 3 Oj tension. 


since ascaricles normally exist in the absence of oxygen they find it very 
difficult to take it at first, but soon become adapted to its presence and 
oxydative reaction takes place. Thus the male perhaps burns up glycogen 
to carbon dioxide and water in presence of oxygen. To support the view 
just staged I noticed that the respiratory quotient in the male is about 1, 
as will he seen in Table II and Figure 3. 

A similar oxydative process perhaps occurs in the large female, but 
from the fact that the carbon dioxide produced exceeds the oxygen con¬ 
sumed (Table II and Fig. 2), I suppose that some chemical process of a 
special kind without oxygen, by which the carbon dioxide production takes 
place, occurs in the female. As regards the process in question, it is 
probably associated with the developing young ovum as well as that, in the 
absence of oxygen. Further work is being undertaken, as to the question 
just stated. 

To compare the respiratory exchange in the presence of oxygen with 
that in the absence of it, the total amount of oxygen consumed and the 
carbon dioxide evolved were calculated. The result is gixen m Table IV. 
In the same table is also given the data of several other parasites for 
comparison with that of Ascaris mvgalocephala . 

As will be seen in Table IV, the amount of carbon dioxide produced 
in the presence of oxygen is higher than that in the absence of it, show¬ 
ing the fact that not only a fermentation process, hut oxydation occurs in 
the presence of oxygen. It is also to be noted that the production of 
carbon dioxide in Ascaris megalocephala is much less than that found for 
Ascaris lumbricoides by Weinland and for Filaria equina by the present 
author. The variations just stated are probably due to the specificities of 
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Table IV 


Pax asite 

Tern- 
peratui e 

Time 

in 

houi s 

Cases 

O? con- | 
sumption 
per 100 
gms. in cc. 

C0 2 output 
per 100 
gms in 
cc 

Respira¬ 

tory 

quotient 

i 

Investi¬ 

gators 

Ascaris megalo- 
< ephala ( $ ) 

16°- 

I9°C. 

1 

41 

Presence 
of oxygen 

125 

124 

0.011 

• 

(40 

-■ 



57 

SI 

1.432 


.. 1 1) 

:i8°C 

24 


245 

195 

0.796 


,, (small 4-J 

„ 

p f 

,, 

92 

6S 

0.739 

Toryu 

„ (large 4-) 

_”_1 



29 

84 

2.896 

(t) 



Absence 
of oxygen 


20 



„ (small 4 *' 

,, 

,, 

,, 


58 


j 

„ (large 

” 




75 



As ram lu mb ti¬ 
ro ides 
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Filaria equina 

” 

•• ■ 

» 

625 

650 

1.040 

Toryu 


the worm used and technique employed on one hand, and to the natures 
of their respiration owing to the living place of the worms on the other 
hand. 


SUMMARY 

1. Ascaris megalocephala is not a worm of obligatory anaerobiosis, 
but of facultative anaerobiosis; namely they produce carbon dioxide by a 
fermentation process m the absence of oxygen, and by an oxidative reac¬ 
tion in the presence of it. 

2. When the worms are placed in Ringer’s solution containing oxygen, 
they consume the oxygen until the tension in the medium becomes about 
0 . 03 . 

3. Carbon dioxide production is almost parallel to the oxygen consump¬ 
tion in the male as well as in the young female, but not in the adult female, 
in which the carbon dioxide produced exceeds the oxygen consumed. 

k When the worms are placed in Ringer’s solution deprived of oxy¬ 
gen, they also produce carbon dioxide, though the amount of it is much 
less than that obtained in the presence of it. 

5. The total amount of carbon dioxide produced in twenty-four hours 
at 38°C. was from 80 (female) to 200 cc. (male) per 100 gms. of the worm 
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in the presence of oxygen, and from 20 (male) to 80 ec. (female) in tho 
absence of it. 

6. Almost no carbon dioxide production nor oxygen consumption 
occurred during I lie first and the last several hows of the experiment, 
suggesting a true fermentation process. 

Before leaving the subject, 1 wish to express mv hearty thanks to Dr. 
S. Hatai, for his valuable suggestions throughout the entire muse ol 
this work. 

This work is executed with the aid of “The Saito Gratitude Founda¬ 
tion 
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ON COMPENSATION POINT OF WOODY PLANTS 15 


By 

Keinosuke Hxramatsu 
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(Received Apiii 3, 1934) 

INTRODUCTION 

i he compensation point, the minimum light intensity at which the C0 2 
produced by respiration equaled that consummed in photosynthesis, is 
generally studied in the course of the investigations of the assimilation of 
carbon dioxide, Plaetzer (1917) studied the compensation point by water 
plants and recently Erke (1931) investigated in this line with sea-algae. 
For the land plants it was also studied by many investigators such as 
Johansson (1923), Lundegardh (1921, 1924), Stalfelt (1921) and 
Boysen Jensen (1918, 1932) and they arrived at the same conclusion 
that the compensation point by sun-plants took place always under a light 
intensity stronger than the shade-plants These investigators treated mainly 
the typical sun- and shade-plants and left almost untouched the study 
with woody plants. Burns (1923) is the only one, so far as I am aware, 
who studied many woody plants m America. In our country the studies 
along this line are quite deficient. To contribute some knowledge, I 
studied the compensation point with 70 woody plants which grow mostly 
in the northern part of our country. 

, METHOD 

The experiment was carried out in a room of constant temperature at 
25°C. The air was lead from the outside of the room to the assimilation 
chamber through a long snaked tube. A cubic glass vessel of a content 
of ca. 100 c.c. was used as the assimilation chamber The snaked glass 
tube was placed in the room of constant temperature so that the tempera¬ 
ture of the air was held constant through the experiments. 

A Mazda lamp of 300 watts was used as the light source. The light, 
reflected by a paraboloidal reflector of enamelised tin, illuminated the 
assimilation chamber rectangularly. The light intensity is determined by 


t) Contributions from tbe Mt Hakkdda Botanical Laboratory. No. 20. 
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a foot candle meter° at the place, where the compensation point was 
estimated. 

For the experiments a leaf, a leaflet or a small branch with many 
scale leaves was used. They were gathered Ironi the garden and im¬ 
mediately brought to the room having a constant temperature and then 
prepared for the assimilation. The material was exposed lor 12 minutes 
for the experiment. The distance from the light source ol the assimilation 
chamber was changed for each experiment. The absorption ot carbon 
dioxide in the air which passed through the assimilation chamber during 
the illumination was determined by the method ol Boyskn Junsun and 
Muller (1928). When neither increase nor decrease* of carbon dioxide in 
the air was found, the light intensity at this point was measured. Thus 
the compensation point was obtained. 

The experiments were carried out during the growing season in 1921. 
To ascertain the results obtained in the year 1921 the same experiments 
were repeated with the same species in the following year. The (inference, 
of the light values of compensation point in both eases was not remarkable, 
namely it fluctuated within 2 per cent, in general. 

It is generally referred that the intensity of carbon assimilation in the 
field is not the same in the morning and in the afternoon. But this 
was not ascertained for the compensation point so far as my experiments 
are concerned. Some experiments were carried out, therefore, m the 
afternoon, although most of them were made in the morning. 

RESULTS 

According to their life forms the plants investigated are divided into 
the following four groups, namely, 1) summer-green plants, 2) needle 
plants, 3) broad-leafed ever-greon plants and 4-) shade-plants. The plants 
of the first three groups belong to the sun-plant. 

1) Summer-green plants (Table l). 

As shown in the table (Table 1), the light value's of compensation point 
of leaves of this group show the most remarkable variation in these four 
groups, and are large enough as a whole and the light intensity for the 
compensation point was proved in about 50 per cent, of the plants between 
1000 and 1200 m.c. (abbr. for meter candles). Omjlopsis panel flora, 
C. spicata , Quercus crispula , Zelkowa serrata , Hydrangea paniculata var. 

^Lor the comparison of the \alue, the energy of the electric lamp was also measured 
by a thermopile For instance the light intensities of J 360 and 410 meter candles cor¬ 
respond to 0.01-00 and 0,0157 g cal. per minute lespeetively. 
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'Fable 1. 

Rhus java tin a L 2010 me 

Count s Kou sa Buerg. 1T60 

('oiylopsis pauciflora Sieb. el Zucc X400 

r spicata Smb. et Zucc. 1370 

(pteicus cnspuln Blume 5330 

Zelhowa 'tonata Makino 1360 

Hydrangea pan icu lata Sieb. var. floubunda Kegel. 1320 

Ft ax nuts Swholdiana Blume var. serrata Nakai 1320 

Carpi mu laxijlota Blume 1300 

Mu tomeles aim folia Koehne 1300 

l Hums pat vtfolia Jaeq. 1270 

Cot plus ketetophylla Fisch. var. japonica Koidz. 1250 

C'astanea erenata Sieb. et Zucc. 1250 

Rhodoiypos ,s candens Makino 1250 

(pteuus s enata Thunb. 1190 

At 01 eissi folium C. Koch 1160 

Edge wot t km papyrtfera Sieb et Zucc 1150 

Lageistroemia mdita L. 1150 

Quercus acutissima Carr. 1110 

Lo nicer a graedtpes Mitj, var. glabra Miq. 1130 

Betula latifolia Kom. 1120 

Vaiueria trieuspidata Hu 1120 

Amehmchier asiutua Endl. 1120 

Celt us sinensis Pers 1100 

Parabenzoin praeeox Nakai 1100 

fdesia polycat pa Maxim. 1100 

Quercus mtiabihs Blume 10()0 

Alan glum platan / folium Harms, var. macrop/ujllum Wang. 1010 

Aeer pietum Thunb var. tijpicum Graf v. Sehw sub var 

eupietum Pax. 1020 

llumumehs japonica Sieb. eL Zucc. 1010 

Primus Grayana Maxim J010 

Stackyarus praeeox Sieb. et Zucc. 1010 

Popurus Sieboldii Miq. 1000 

Styrax japonicum Sieb. et Zucc. 1000 

Phellodendron amurense Rupr. 050 

Clethra barbinerbis Sieb. et Zucc. 950 
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Corn iib tonti ovasa Hcinsl. 

870 

Ginkgo hiloha L 

710 

Magnolia pravcoassttna Koulz 

000 

Mean \alue of light intensity 

ll 10 


floribunda and Fraxmus Sieholdiana var. se?iafa require strong light mten- 
sity over 1300 m.c. and especially Rhus jaranica and (bums Kousa require 
a light intensity exceeding 1500 in.o. 

On the contrary the light value of compensation point of Phvllodvndum 
amurense , Crethra harbinerbis , Coinus conti ovasa , Gmkgo hiloha and Mog- 
no/fa praecocissima is under 1000 m.c.. The value is low as these' plants 
are the sun-plant The light value of Ginkgo hiloha and Magnolia praecoas- 
sima is especially low and nearly one-third of that of Rhus javamca and 
near a half of most other plants. This value approaches to that ol the 
shade-plant which will be described below. 

2) Needle plants (Table 2). 

The value of the light intensity at the compensation point of these 
plants is generally higher (mean value of 1180 m.c.) than that of the 


Table 2 . 


Thuja onentalis L. 



15,‘>0 me 

Pinus densifloia Sicb. Zucc. 



i ;{(,o 

Taxus cuspidata Sieb et Zucc. 



1250 

Chamaecypaiis obtusa Sieb. et Zucc. 

\ai. btvvtramva 

Mast. 

1250 

Abies firma Sieb. et Zucc 



1250 

Juni perns chmensts L 



1250 

Torreya nucifeia Sieb. el Zucc 



1210 

Chamaecyparts pisifvra Sieb. c t Zucc 

. var. syuartosa 

Mas'. 

1210 

Sctadopitys verticillata Sieb. et Zucc 



1170 

Chamaecypaiis pisifvra Sieb, el Zucc 

. var. plumosa 

Mast. 

1110 

C pisifera Sieb. et Zucc 



1080 

Thujopsis dolabiata Sieb. et Zucc 



1050 

Lanx Kaempferi Sarg. 



1010 

Chamaecypans obtusa Sieb, et Zucc. 



1050 

Cryptomei ia japomca D. Don 



900 

Mean value of light intensity 



UHO 


summer-green plants (mean value of 1140 m.c.). No plant, however, in 
this group has such a high value as Rhus javanica , although Thuja orien¬ 
tails and Pinus densiflora require quite intense light for the minimal assi- 
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milation. But Thujopsis dolabrata, Larix Kaempferi, Chamaecyparis obtusa 
and Cryptomena japomca could assimilate in the light intensity near 
1000 m c*. 1 here is no plant in this group with such an excessive low 

value as Gmhgo biloba and Magnolia praecocissima. 

3) Broad-leafed ever-green plants (Table 3). 

1 his group of broad-leafed ever-green plants has a higher compensation 
point than the former groups and the mean value of light intensity reaches 


Table 3. 


Ilex crenata Thunb. vai. typica Loes f genuina Loes 

1580 m ( 

Daphniphyllum man apodam Miq. 

1480 

Eurt/a japomca Thunb. 

1420 

(pieicus myntinaefolia Blume 

1310 

Camellia japonic a L vai hoc ten sis Makmo 

1210 

IA gust turn japonic urn Thunb 

1200 

Trochodendwn a i alio ides Sieb ot Zucc 

1190 

Qucrcus phiflliiaeoides A Gmy 

1170 

Osmanthus ihufoltus Stunclish 

1150 

Tctiadciua glauca Mai sum. 

1120 

Ilex latifoha Thunb. 

1100 

Mean value of light intensity 

1235 


as high as 1235 m.c. and no plant could endeavour under the light inten¬ 
sity of 1100 m.c. The light value of Ilex crenata var. typica f. genuina 
is the highest. 

It is noteworthy that no remarkable difference of the compensation 
point between the needle plants and the broad-leafed ever-green plants 
was obtained, although they are quite different in anatomical structure of 
leaf. In this case it is assumed that at least in the minimal light intensity 
the leaf structure will not decide the difference of COrassimilation. 

d) Shade-plants ("Fable 1). 


Table 4. 


Fatsia japonica Decne et Planch. 

490 m.c. 

Eoonymus japomeus Thunb. 

430 

Aidisia japomca Blume 

430 

Skimmia japomca Thunb. 

420 

Aucuba japomca Thunb. 

390 

Mean value of light intensity 

432 
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As expected, the light value of all these plants is very low and is 
always under 500 m.c,. The compensation point of Auciiha japonica is 
the lowest of all the plants studied here and it does not reach such a low 
value as 400 me.. The value of the shade-plants is less than a half ol 
the foregoing three groups. 

Although in these experiments the difference of the light value ol the 
sun-plants and the shade plants was obtained, the light value of lew sun- 
plants, such as Ginkgo biloha and Magnolia praecocissima , is low, lying 
in general between the normal sun-plants and the shade-plants. .Therefore, 
the plants with such intermediate values should be considered, as the 
shade type of the sun-plant in regard to the compensation point. 


SUMMARY 

1. The compensation point with leaves of woody plants in the conslant 
temperature at 25°C. was measured. 

2. The light value of compensation point of summer-green, needle and 
broad-leafed ever-green plants is in general over 1000 meter candles 
Among them the light value of Rhus javanica is the highest and it surely 
reaches to 2000 meter candles. Camus Kousa shows the next highest 
value of compensation point which exceeds 1700 meter candles and Thuja 
orientalis and Ilex crenata var. typica f. genuina also belong to the plants 
which require quite an intense light for the minimal assimilation. 

3. Phellodendron amurense , Clethra harbinerhis, Cormts amtrovasa 
(summer-green plants) and Cryptameria japonica (needle plant) belong to 
the plants which endure weak light intensity and their compensation point 
does not reach to 1000 meter candles, ye! il is always beyond 300 meter 
candles. 

4. Although Ginkgo biloha and Magnolia praccocissinm belong to the 
sun-plant, they tolerate a remarkably low light intensity and indeed the 
compensation point is nearly 700 meter candles. 

5. The light value of all the shade-plants experimented here is under 
500 meter candles and that of Aucuba japonica is the lowest and it 
reaches nearly to 400 meter candles. 

The writer wishes to acknowledge his indebtedness to Prof. Dr. Y. 
Yoshii, under whose direction this work was done. 
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EXPERIMENTAL NOTE ON THE PRESENCE OF ELECTRICALLY 
EXCITABLE AREAS IN THE REPTILIAN CEREBRAL 
HEMISPHERE: CLEMMYS JAPONICA 

By 

Hideomi Tuge and Masayasu Yazaki 

Biological Institute, Tohoku Imperial Univeisity, Sendai, Japan 
(With four figures) 

^Received Apiil 30, 1931} 

1 

For many comparative neurologists the cerebral cortex of the reptilian 
brain has been one of the chief interests because one might expect from 
the phylogenetical point of view that the hemisphere in this form would 
give a clue for study to the evolution of the mammalian motor cortex. 
Most of the writers agree to the fact that in reptiles it is found possible 
to differentiate the general cortex, of which one can be regarded to be a 
precussor of the mammalian neopallium They, however, seem to be of 
the opinion that it is a matter of much difficulty to be certain as to whether 
it reveals to any appreciable degree the sign of cortical motor localization. 
Although so much work has been done from the morphological side, 
unfortunately we can find but a few among them dealing with experi¬ 
mental method, either of ablation or of cortical stimulation, while even by 
means of which any general consensus of opinion has not been brought 
about. 

As early as 1916 Johnston v accomplished a series of experiments on 
the cerebral hemisphere of the turtle and the lizard by means of electrical 
stimulation, yielding the very interesting results that the dorsal pallium 
corresponds to the motor cortical area in the mammalian brain He 
furthermore mentions that in the turtle the “ dorsal surface of the olfactory 
bulb, retraction of the neck, extension of the legs, movements of eyeball 
and eyelid; dorsal surface of pallium near olfactory peduncle and lateral 
border of pallium in the anterior one-half or two-thirds of hemisphere, 
movements of eyes, jaw, neck, legs and tail; striatal area, movements of 
all parts.” (p. 477). He also mentions that no response was obtained from 

o Johnston, J. B. 1916. J. Comp. Neur., vol. 26, pp. 475-479. 
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other parts of the surface of the cerebral hemisphere (p. 477). This account, 
however, is not generally accepted, especially in the hands of Koppanyi and 
PearcyA Their chief objection rendered for Johnston’s belief is that he 
carried out the experiment accomplished under deep narcosis and used the 
one-point electrode. Judging from their own observation, they interpret the 
Johnston’s result of motor response as not of cortical origin but a sub¬ 
cortical one. Besides, Ivy 1 2) and probably Popa and Popa" 0 are all of the 
opinion that the stimulation of the cerebral cortex would not produce motor 
effect as is the case in birds. On the other hand, the result of Bagley and 
Richter 4) dealing with the alligator seems to support that of Johnston, 
although awaiting a final decision of whether the motor response observed 
is of cortical origin or of some others. 

Since we thought it worth while to repeat the cortical stimulation 
experiment such as done by Johnston and others, we carried out a series 
of experiments dealing with the turtle brain. We were successful in 
obtaining some electrically excitable areas which are different from those 
described by the previous writers. The results of the present experiments 
will be described as follows. 


IT® 


The degree of anesthesia renders a point of difficulty m order that 
no confusion might arise to the reactions following cortical stimulation, 
since the turtle is hardly narcotized when treated m the usual way. We 
learned that the best method to follow was first to furnish the animal 
with hypodermic injection of a dose of urethan (1 cc. per 50 g in 25% 
solution), and then, cotton wet with ether, if necessary, is applied on the 
mouth in order to bring the animal into a condition of complete anesthesia. 
In others, we also tried the stimulation experiment with the animals which 
had been anesthetized as slightly as possible, just needed for operation 
with ease. This would not meet the technical objection pointed out by 
KoppAnyi and Pearcy (p. 339). As large a portion as possible of the 
cranium over the dorsal surface of both hemispheres was removed. When 
removing the pia mater care was taken so as to minimize the bleeding. 
When such be the case, cortical stimulation was begun after the bleeding 

1 Koppanyt, T. and Pearcy, J. E. 1924-25. Amer. J. Physiol, vol. 71, pp. 339-343. 

2 Ivy, A. C. 1929- , 20 J. Comp. Neur., vol. 31, pp. 1-13. 

0 Popa, Gr. T. and Popa, F. Gr. 1933. Proc. Roy. Soc., Ser. B. vol. 113, pp. 191-195. 

4; Bagley, C. and RrcHTER, C. P. 1924. Arch, of Neur. & Psychiat., vol. 11, pp. 257-263. 

Gj To Mr. Y. Kitao our thanks are due for assistance in the experiment. 
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has stopped. 

Cortical stimulation has been accomplished by applying a very weak 
induction current by either one-point electrode or two-point electrode 
leading from the mductorium. The one-point electrode which we slightly 
modified from the Sherrington’s^ unipolar electrode was used, the dia¬ 
meter of platine point being 0.3 mm. so that it would be adequate for 
such a small brain as that here used. The indifferent electrode consisted 
of a large sheet of tin plate wet with a saline solution, with which the 
legs of the animal are in contact 

Prior to stimulation, each ai*ea to be stimulated was wiped off with 
dried cotton in order that the spreading of the current might be prevented 
as much as possible. Any prolonged stimulation applied on only a limited 
point must be prohibited, because in such case other reactions not true 
of cortical origin might conic up. 

In almost all of the experiments so weak a current as that which 
could just be detected by the tip of the tongue was used. No stimuli 
stronger than this was needed for the experiment. 

Ill 

In figure 1 are shown electrically excitable areas, stimulation of which 
gives particular reactions, although the walls of the hemisphere which are 
situated far caudally and laterally have not been stimulated. Stimulation 
of area A elicits due movement of a group of neck muscles which serve 
for the retraction of the neck and head only. The movement as such is 
on the same side as the stimulation but occasionally it becomes bilateral 
or involves both sides. All of the turtles experimented on are likely 
to give this reaction. However, the area under consideration probably 
is more extensive than that illustrated m figure 1. Figure 2 indicates 
the arrangement of cortical cells of area A. 

Stimulation of area B evokes, though not particularly, the movement 
of lilting the head In some cases, by stimulation of the area are caused 
both the movements of lifting and of retraction of the head, which are 
probably due to the stimulation applied on the overlapped area as shown 
in figure 1 or the localization for both movements mentioned above is not 
well defined. 

The most convincing reaction was obtained by stimulation of area C. 
The stimulation of which is to cause discrete movement of opening of the 

o Froiiuch, J. and Sherrington, C S. 1902 J. Physiol, vol 28, pp 14-19 
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Fig X. Diagram showing areas A, B and C, stimulation of which 
causes motor responses Area A and B, movement of the head and 
neck, area C, movement of the jaw (opening of the mouth). Ai'ea C 
is magnified approximately in the same proportion as that of the cerebral 
hemisphere, but areas A and B are magnified loughly. Parallel lines 
thiough the cerebral hemisphei'es indicate the appioximatc levels of the 
tians\erse sections (figs 2, 3 and 4). epiph , epiphysis, hnm , ceiebral 
hemispheie, lob. olf., olfactory lobe, tect opt „ optic tectum. X ea, 8. 

mouth. This was ascertained by applying the one-point electrode care¬ 
fully in succession to every millimeter from point to point of the dorsal 
surface of the hemisphere. Even when the current he greatly increased, 
and when applied upon the rest of the cortex, it does not elicit any 
characteristic movement of this kind. The area which particularly concerns 
the movement of the mouth, and which has been measured as above under 
an assumption that the spread of electrical current might be negligible, 
is much less than 1 mm. in diameter (figs. 1 and 2). This reaction, how¬ 
ever, could not be obtained from all the turtles experimented upon, but 
two of them gave a very definite response all the time and one gave a possible 
response. In these animals this response was gained by means of stimula¬ 
tion of the corresponding area but not from other portions of the cerebral 


EXCITABLE AREAS IN THE CEREBRAL HEMISPHERE 


83 



Fig. 2 Tiansveisc section through area Hg 3 Tians\erse section through area 

C which is indicated in fig 1 Toluidin B which is indicated in fig 1. Toluidm 
blue method X16 blue method x 16 

hemisphere, that is to say, aiea C only in figure 1. 

IV 

When a comparison is made between figure 1 of Johnston’s and that 
of ours, both of which illustrate the electrically excitable areas, it may be 
readily seen that there exists rather considerable difference in localization. 
According to Johnston’s figure the excitable areas locate anteriorly of 
the hemisphere near the olfactory bulb, extending laterally. On the 
other hand, our result indicates that the area begins at the anterior two- 
thirds of the hemisphere and extends slightly laterad. Although, for the 
purpose of localizing the areas following Johnston’s figure with great 
precision, we have tried to stimulate those areas, but it was found im¬ 
possible to obtain any sign of reactions. 

We, furthermore, could not confirm the statement of Johnston that 
the eyeball, legs and tail have cortical representation. So far as our 
result indicates, however, we agree with him that the head, neck and 
jaw have the motor effects following stimulation of the hemisphere. 
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A 



According to our observation 
and anatomical examination, area 
A together with area R in figures 
f, 3 and 4, both of which concern 
the median ism of muscles lor 
movements of the head and 
neck, may be considered as the 
most developed without individual 
difference Area C (figs, t and 
2) which is in connection with 
movement of opening of the 
mouth may be regarded as a 
degree of development which 
varies with individuals, so that 
the experimental data shows that 
some animals react hut the others 
do not. 


Bearing in mind the suggestion 
* 4 rT , given by Koppanyi and Pearcy 

log. 4. transverse section through aiea , . . r , , 

A which is indicated in fig. 1 Tolmdin blue lhat the LlSe ° f th ° Uni P olar 
method. xl6. electrode the spreading of the 

electrical current might be increas¬ 
ed, we began our experiment employing both the unipolar and bipolar 
electrodes, and in both cases we could obtain the regular responses, in so far 
as our material permits 1 ', except that we failed in eliciting the movement of 
mouth by means of the bipolar electrode. This failure for the latter move¬ 
ment is partly because of impossibility to track out such a small area point to 


point in succession when applied with the bipolar electrode. We think 
that the dimentions and the position of the indifferent electrode are cor¬ 
related with the increase or decrease of the spreading of the cut rent as 
demonstrated by Koppanyx and Pearcy when the indifferent electrode 
was placed in the head anterior to the excitation electrode the irregular 
response was considerably lessened (p. 341). In our experiment we used 
as the indifferent electrode a sheet of tin plate larger than the animal, 
so that the difficulty encountered may have been overcome. In this pro¬ 
cedure, in reaht}?, the animal showed the regular response. 


lj ^is connection, when the snake was stimulated by the same procedure as the case 
of the turtle, none of the cortical reactions were evoked. 



EXCITABLE AREAS IN THE CEREBRAL HEMISPHERE 


85 


Since we could not experiment upon the animal which is quite free 
from narcosis, without which operative procedure is found impossible to 
be accomplished, at present we are unable, with certainty, to answer the 
second objection raised by Koppanyi and Pearcy (pp. 339, 34-2). However, 
we can not be sure that their conjecture proved perfectly correct, in view 
of the fact that in some mammals any portion of the corpus striatum is 
electrically inexcitable 1J (Wilson, p. 390). 

We must however avoid the final conclusion that the motor response 
following cortical stimulation is exactly of cortical origin, in so far as the 
detailed structure of the cortical cells and the precise anatomical pathway 
from the cortex in question to the lower centers as yet remain unex¬ 
plored. 


0 Wilson, S. A. Kinnier 1924 Arch, of Neur. & Psychiat, vol. 11, pp 385-404 
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On keeping a catfish in a small aquarium it will frequently be observed 
that this fish reacts sharply to stimuli, as slight as the mere touch of a 
finger against the wall of the aquarium. In the latter case the reaction 
is such that at the moment of accidental touch of hand or finger against 
the wall the fish actively jumps in the water as if it were greatly startled. 
While in other cases the fish is apparently so insenstive that even 
to a strong knock on the wall of the aquarium it shows no reaction 
whatever. It was from these facts that Hatai and Abe (1932) suggested 
the possibility of a relationship between the behaviour of this fish and 
the occurrence of earthquakes. An observation (Hatai, Kokubo and 
Abe. 1932) made somewhat later showed that the catfish has a tendency 
to become sensitive to a finger knock in association with the rise of 
potential of the earth current. 

Acting on the assumption of a possible relation between the excit¬ 
ability of a fish and the fluctuations of terrestrial galvanic current the 
present author observed and recorded the reactions of catfish to a 
controllable galvanic current with a view to ascertaining whether or not 
the above mentioned sensitivity may be caused by certain laboratorial ’ 
galvanic conditions. In the present study, therefore, jumping reaction 
which is thought to be associated with the earth current was observed in 
relation to the ordinary galvanic stimulus. 

As a fundamental phenomenon of excitation the threshold intensity 
of the stimulus was first determined after which the induction of the 
fish’s juming reaction due to a weak direct current was tested. 

It is with great pleasure that the writer takes this opportunity of 
thanking The Saito Gratitude Foundation by whose financial aid the 
present experiment was accomplished. Thanks are also due to Prof. S. 
Hatai under whose direction the present work was done. 


U Contribution from the Marine Biological Station, Asamushi, Aomori-ken. No 114. 
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METHOD 

The vessel in which the fish was kept was a small glass tank 
meassuring about 23 cm. in length, 8 cm. in width, and 12 cm. in depth. 
The electrodes employed for stimulation were of nonpolarisable type of 
Ag-AgCl as used in their experiments by Nomura and Isiiikawa (1933). 
As in their case the size of the electrodes was roughly 4x4cm. These 
electrodes were placed in opposition to one another at either end of the 
aquarium so as to keep a distance of about 25 cm. Though these 
electrodes, and censequently through the water and a fish galvanic currents 
of varying intensities were passed by discharging a condenser of 1 
microfarad. 

The resistance of the water was carefully regulated so as to maintain 
a constant 6000 ohms. The time constant of condenser RC was accordingly 
0.60 o. The condenser was charged to different voltages thus changing 
the intensity of the stimulating current. The regulation of the resistance 
of the stimulating circuit was effected by varying the distance of electrodes 
from one another or by adjusting the variable resistance inserted in the 
circuit. The shunt or serial resistance to minimize the resistance change 
was not, therefore, used. According to the equation t=RC Logo n roughly 
98°/o of the charge was discharged within 23 (Fig. 1). This means 
that when the condenser was changed to 10 volt it discharged 9.8 
microcoulombs of electricity within 23 Threotically the discharge over 



Fig. 1. Discharging curve of a condenser of 1 microfarad through the 
resistance of 6000 ohms, (ordinate-charge in %, Abscissa-time‘in a). 
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98^ shows a considerable delay. So that the final part of the discharge 
may not have been so effective in stimulating the fish. In the subsequent 
description, however, voltage of charge i. e. the total quantity of electricity 
(m micro coulombs) was assumed to be of a stimulant electric quantity. 

The stimulation by means of a condenser was made merely for the 
purpose of determining the threshold potential and the result was expressed 
in terms of voltage. The voltage reading expressed, at the same time, 
the electric quantity in microcoulomb, being the capacity of the condenser 
1 microfarad. 

For the purpose of observing the behaviour # of fish to a flowing 
electricity a weak current of less than 1 miliampere was passed through 
the water. As a current of this intensity seemed to cause in the electrodes 
a tendency to polarize a miliampere-meter to indicate net intensity of 
current was introduced thus enabling actual quantity passed to be measured. 
When the experiment required the current to be sustained for a long 
period naked silver electrodes were often employed. This is because the 



Fig. 2. Diagram of experimental arrangements. 

C- condenser, A—mili-amperemeter, E h E^—electrodes, 

B = battery (18 volts), Kj, Ko, K 3 , K 4 —keys, 

VR = variable resistance (500 Q), P=potentiometer, V = voltmeter, 

R~ resistance meter, Closure of K t —condenser discharges, 

Release of Kj—condenser charging, 

Closuie of K 2 continuous current passes, 

Closure of K;$K 4 =(Kj being closed) for adjusting resistance 


long duration of the current only in one direction decomposes the AgCl 
of the cathode. If so not only does the electrode lose its property of 
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non-polarisation but Cl is also evolved from the cathode and this mitigates 
against the success of the experiment if it does not actually kill the fish. 


RESULTS 

It is observed that when a weak but increasing electric current is 
passed through the water in which a catfish is kept the fish remains 
motionless until the current attains a certain intensity. With the increase 
of current the catfish gradually becomes restless and moves slightly its 
whiskers and pectral and caudal fins. The current necessary to provoke 
the fish to this degree of sensitivity is generally 1 miliampere or less. A 
further increase of current causes the fish to swim about slowly. 

Such is the behaviour of this fish when subjected to a weak electric 4 
current. A sudden application of a voltage of, say, 2 or 3 volts stimul¬ 
ates the fish to such an extent as to throw it into convulsions or cause 
it to jump m the water. As is often the case with other animals the 
reaction of catfish differs considerably in relation to the direction of 
current. According to Nomura and Ishikawa (1933) the threshold 
potential of the catfish for producing minimal response is 2.1 volts when 
the cathode is placed anteriorly (ascending current), and 2.6 i< volts when 
the cathode is placed posteriorly (descending current). 

Of the responses of this fish to external stimuli jumping movement is 
one of the most distinct and clear cut. Not only is this so but a condition 
which would produce a jumping reaction by knocking may also be provoked 
by natural conditions. In the present study, therefore, the jumping 
reaction due to electric stimulus was observed with the object of revealing 
the nature of this behaviour. For this purpose the threshold potential of 
the stimulus was observed passing both an ascending and a descending 
current. The results thus obtained have been tabulated as follows. The 
figures in the following table represent the threshold voltage of the 
jumping reaction. These figures can also be read as the galvanic quantity 
(in micro coulomb) inasmuch as the condenser had a capacity of 1 micro¬ 
farad. 

As has been shown in the above table the threshold for a jumping 
reaction varies with the individual fish. With an ascending current the 
threshold was 3.8 volts (i. e, 3.8 microcoulombs for a duration of 23 o) as 
the mean of 20 different fishes. While in the case of a descending 
current the threshold potential was much higher than with the ascending 
current, averaging 10.5 volts (10.5 microcoulombs). 
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Table 1 


o 2 

o 

Ascending 

cuirent 

(volt) 

Descending 
cun ent 
(volt) 

Sideward 
cun ent 
(volt) 

Current in- , 
tensity for 
sensitivity i 
Cmili amp.) 

Size of fishes 

Length 
(cm 1 

l W eight 
| ignis) 

1 

2 3 

0.5 

_ 

_ i 

16.5 

67.5 

2 

4 b 

10.0 

— 

— i 

21.7 

111.0 

.2 

2.5 

6 0 

— 

— j 

14.5 

58.0 

4 

7 0 

15.0 


? 

23.0 

; 125.0 

5 ! 

2.3 

0.0 


0.30 1 

18.5 

1 92.0 

6 ! 

2.7 

12 0 

— 

0.30 

17.5 

j 85.0 

7 

3.5 

14.0 

5.5 

0.10 

21.7 

' 120.0 

8 

5.0 

12.0 

— 

0 80 

20.7 

j 103.0 

9 

2.7 

11 0 

— 

0.18 

21.2 

109.0 

10 1 

5 5 

13.0 

! — 

! 0.52 ! 

21.0 

110 0 

11 1 

3.0 

9.0 

i — 

0.09 

21.4 

114.0 

12 

2.5 

5.0 

! 6.0 

0.50 

21.5 

! 140.0 

12 

3.7 

12.0 

5.2 

0.10 ! 

21.0 

1 92.0 

14 

5.0 

1 15.0 

0.5 

0.18 

25 0 

91 0 

15 ! 

3.2 

lS'.O 

7.0 

i 0.30 

23.5 

' 125.0 

15 

4.0 

8 5 

I — 

0 70 

20.0 

61.0 

17 1 

5.3 

! 11.0 

! 5.0 

1 0.40 

21.0 

! 60.0 

18 

4.7 

: 8 0 

2.5 

0.60 

17.5 

3 7 0 

19 

4.5 

13.0 

5 0 

i 0 70 

20.4 

1 59.0 

20 

2.7 

11.0 

j _ 

1 

0 10 

19.0 

99.0 

Mean 

3 8 

10.5 


0.37 

20.3 

93.0 


Not only does the threshold vary definitely with the direction of the 
current but the mode of reaction of the fish also differs accordingly. 
When the current passed from the anterior of the fish it usually showed 
a slight indistinct reaction at a threshold far lower than that of the 
jumping reaction. This minimum response was shown at 2.8 volts in a 
mean of 20 individuals. From this onward the response augmented in 
proportion to the increased intensity of the stimulus and at the above 
shown threshold it showed jumping reaction. In the case of an ascending 
current the minimum response was not so clearly manifested as with a 
descending current, and the jumping reaction was invoked more or less 
suddenly at the threshold above stated. The threshold of minimum 
response was 8.0 volts, being a little higher than in descending. When 
the current was passed ascencling-wise the fish bent its body backward, 
while it bent the body ventrally when the current was passed descending- 
wise. Making observation on Amblystoma, Loeb and Garrey (1896) found 
that this animal bent the body ventrally in response to an ascending 
current and backward in response to a descending current, thus showing 
a relation opposite to that of the catfish. 

In order to see whether the threshold varies with time observations 
were made on the same fish at different periods. The results obtained 
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from the observation of the first fish showed that it changed threshold 
by 0.5 volts in ascending and 2.0 volts in descending cui rent, within a 
duration of one day. The fifth fish which was observed for a week showed, 
in the course of a week, changes of 0.8 volts in ascending and 7.0 volts 
in descending. These results suggest that there is a tendency for the 
threshold of the same fish to vary to some extent within a relatively 
short duration, and that the range of change is wider in the case of a 
descending than in that of an ascending current. While stimulating the 
catfish it will be found that the fish can be excited and will show the 
jumping reaction by a voltage a little lower than the threshold, provided 
that the stimulus be sent two or more times successively This was 
seemingly quite similar to the ordinary summation phenomena of spinal 
reflex. In the present study, therefore, the stimulating voltage was raised 
after each push of the discharging key, thus avoiding any banking-up of 
the previous stimuli. It was also of interest to note that after the catfish 
had once reacted to a threshold it reacted to a lower voltage on successive 
stimuli. It seemed as though the resistance of the nerve fibre which 
passes the impulse was lessened by the first reaction. 

Regarding the behaviour of the fish in relation to the direction of 
current it was observed that in response to an ascending stimulus of 7 
volts or so the catfish opened its mouth reflexly, at the same time jumping 
as if snapmg at prey. In the case of a descending stimulus somewhat 
higher than the threshold, say 15 volts or more, the fish, on the contrary, 
closes its mouth reflexly. This latter reaction was apparently observed 
when the fish’s mouth was still gaping from the effect of a previous strong 
ascending stimulus. When, however, the intensity of a descending current 
was abnormally high, say some 100 volts, the gaping reaction again 
occurred. 

Besides experimenting with ascending and descending currents as above 
the effect of a sideward current was also examined. As the electrodes 
were not wide enough to cover the whole body of the fish the stimulus 
was applied to three parts separately i. e. the head, the trunk, and the 
tail. Regarding these three parts specifically it was found that the 
threshold was on an average, lowest in the head, highest in the tail and 
intermediate in the trunk. In the 19th fish tested the threshold was 
respectively 5,8 and 11 volts from head to tail. As the reaction of the 
trunk and tail was often very irregular the determination was suspended. 
For this reason the threshold of only the head is given in the foregoing 
table. These figures show that the threshold of a sideward current is 
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higher than that of an ascending current and lower than that of a 
descending current. Besides the relation above mentioned a fact worthy 
of note was that when a current a little below the threshold was employed 
the head was always attracted to the anode. Whether the current came 
from the right or from the left no difference in reaction was observable. 

Thus far the behaviour of catfish, especially their jumping reaction, in 
relation to the galvanic stimulus has been observed. In what follows 
attention has been directed to the jumping reaction provoked by the rap 
of a finger against the wall of the tank. As was stated in the foregoing 
page the catfish in its natural condition is frequently in such a state as 
to show a jumping reaction in response to a finger rap on the wall of its 
tank. Examining this phenomenon critically it was found that usually the 
jumping occurs only once for each rapping. In other instances, however, 
the fish may jump two or three times when the knocks are made at an 
interval of a few seconds each. Very occasionally it shows a jump for 
each knock thus continuing several times of reaction provided the knocks 
were made several times successively. But in no case does the reaction 
continue indefinitely. The frequency of jumping seems to vary according 
to the environment of the fish. That the stopping of jumping may not 
be the result of adaptation is surmised from the fact that in one case it 
may jump but once while in another case it may jump several times. 
Therefore it was natural to suppose that this reaction might have been 
caused by some environmental condition. It was also surmised that the 
fact that the fish reacts differently at different times may be due to 
variations in the intensity of the influencing factor. 

While observing the catfish in different ways it was occasionally found 
that the fish becomes very sensitive during the passing of a galvanic 
current of some intensity, and reacts in a manner similar to its reaction 
in the natural condition. This seemed to suggest that the sensitive 
condition of this fish may also be brought about by laboratorial galvanic 
means. From this point of view the experiment was started. 

At first different strengths of current were passed through the water 
by employing the aforementioned arrangement. It was soon found that 
a descending current of over 1 miliampere causes the fish to lose its 
natural state. A few miliamperes of ascending current made the fish 
wriggle with agony, as it was unable to avoid the adverse condition 
because of the limited size of the tank. 

Finally it was found that a current of less than 1 miliampere caused 
the catfish to become very sensitive and to react to the stimulus of 
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knocking. The results thus obtained were shown in the Table I. The 
figure in the table show that the intensity of the current which cause 
the fish to become excited differs with individual fish, one fish reacting 
to a current as low as 0.09 miliamperes another at 0.8 miliamperes. The 
mean of the current intensity showed this value to be 0 87 miliamperes. 

Direction of the current is an important factor controlling the excitation 
of catfish. Only an ascending current induces sensitivity in catfish. If 
the current is passed in a descending direction the catfish does not become 
sensitive regardless of the strength of the current. This is of interest 
when considered in conjunction with the facL that the catfish shows jumping 
reaction with an ascending current at a far lower threshold than with a 
descending current. Against the sudden onset of a stimulating current 
the fish invariably reacted to the descending current, while sensitivity due 
to the flowing current was caused only when the electricity flowed from 
the posterior of the fish. 

The phenomenon of jumping is an 44 excitation ” while the sensitivity 
of the fish is merely an 44 excitable condition”. Hence it follows that for 
the excitation of the fish the aforementioned threshold stimuli were required, 
but for producing 44 excitable condition ” only a weak passing current was 
needed. Thus, in this case, both phenomena differ radically from each 
other, but bear a resemblance in relation to the direction of the current. 

All the fish tested increased in sensitivity due to the weak ascending 
current, but only one fish (the fourth) out of seventeen tested showed no 
increase of sensitivity. As can be seen in the table the threshold potential 
of this fish was the highest of all. From this fact the probability of a 
constant relation between the amperes required for sensitivity and the 
threshold potential of stimulus was anticipated. But an examination of 
seventeen individuals failed to substantiate any such relations. 

As before mentioned the jumping reaction under natural conditions 
can be repeated more than once according to circumstances. In cases also 
when the sensitivity was induced by electricity the catfish behaved in a 
like manner in the majority of cases. But in the latter case the jumping 
reaction invariably ceased as soon as the current was discontinued. Various 
means were tried, but in vain, to test whether it were possible to leave 
the sensitivity until after the current was stopped. Even during the 
passage of the current successive raps stopped the reaction, and a period 
of less than 1 minute was required for the fish to regain sensitivity. If 
the knocking were made every twenty seconds or so loss of sensitivity was 
avoided and it became possible to test whether the fish was maintaining 



BEHAVIOUR OF CATFISH 


95 


its sensitivity. The examination thus made showed that in some fish the 
sensitivity lasted as long as the current was continued. 

In an attempt to study this relation three experiments were made 
selecting three fishes out of twenty. The results obtained are shown 
below: 


Table II. 



The above experiments were made in such a way that to minimize 
the current within the range of the sensitivity of fishes. As will be seen 
from the above figures each fish became, at last, to maintain the sensitivity 
at a far lower potential than at the beginning of the experiment. The 
initial current of 0.1 miliampere ultimately became 0.01-0.02 m. a. i. e. 
from 10-20^ of the original flow. The above data show that a current 
of 10 microamperes (roughly 0.1 microampere per sq. cm. of cross section 
of the tank), an intensity comparable to the natural current, is sufficient 
to keep the fish sensitive. 

A factor which also must be born m mind is the potential of the 
above cases. As already mentioned the resistance of water remained at 
6000 ohms throughout the experiments. The potential of current in all 
experiments was, therefore, maintained the voltage corresponding to this 
resistance. For instance with 10 microamperes the potential was 60 
milivolt, a potential not at all improbable in a natural current. 

With a view to ascertaining whether all fishes have the characteristic 
of sustaining sensitivity, observations were made on fifteen fishes. 

The results showed that thirteen of the fifteen fishes had this nature. 
It was also found that not only was this the case but in such a case the 
strength of current required to produce sensitivity diminished with time 
throughout the course of the experiments. 
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SUMMARY 

1) The behaviour of catfish in response to galvanic stimulus has been 
observed and confirmed. 

2) The mode and degree of reaction to the galvanic stimulus markedly 
differ according to the direction of current; ascending current being far 
more effective than descending current. 

3) The threshold of the jumping reaction of catfish is 3.8 volts with 
ascending current and 10.5 volts with descending current when, determined 
by the present method. 

4) The catfish becomes sensitive for the stimulus of knocking when a 
galvanic current of about 0.4 miliamperes is passed in an ascending 
direction. By control this current intensity can be decreased as weak as 
10 microamperes, an intensity comparable with an earth current. 
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INTRODUCTION 

The present paper deals with the duration of life of the common 
earthworms in water and in pure gases, and the cause of death in regard 
to physiological and ecological viewpoint. 

Darwin (1881) noted m his hook “ The formation of vegetable mould ” 
that sick individuals, which are generally affected by the parasitic larvae 
of a fly, must be excepted, as they wander about during the day and die 
on the surface. He also states, what is often observed, that after a heavy 
ram succeeding dry weather, an astonishing number of dead worms may 
sometimes be seen lying on the ground In such case it is said that 
worms could have been drowned, but it does not seem likely from the 
facts that they can remain alive in water for months; and if they had 
been drowned they would have perished m their burrows. He therefore 
believed that such worms were already sick, and that their deaths were 
merely hastened by the ground being flooded. 

CotJMBAiJi/r (’07 and ’09) observed that Helodrilus , Bmchiodrilus , 
Urn , Kisania , Hesperodrilus , Octolasum , Lumbricus and Stuhhnania could 
remain for months in water. 

Friend (’21) found large numbers of dead worms on the surface of 
the ground on successive mornings in the middle of March of 1921. The 
conditions for such an occurrence appear to be warm days and evenings, 
showers during the night and early morning and then a cold snap, but 
not necessarily a frost. They do not seem to be suffering from parasitiza- 
tion ; they can endure a lower temperature than those at which they die; 
it can not be a case of drowning. 

Lankester ( 7 21) writing on the same subject believed the dead worms 
in surface puddles by the side of paths to have perished due to the lack 
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of oxygen in the water. 

Meeker (’26) in Giessen has repeated the investigations above mentioned 
and it was established experimentally that tap-water when filtered through 
earth loses much of its oxygen content. The worms will evade this 
oxygen-hunger by either going deeper or by coming to the surface. The 
ultra-violet rays in daylight are so harmful to them, that even in dull 
weather they will m 2-3 hours be paralysed to such a degree that they 
can scarcely crawl. They may then be unable to penetrate the ground 
again, and may creep into puddles of water, which will protect them for 
a time on account of its turbidity. 

Merker and Braunig (’27) investigating the respiratory requirements 
of the common Lumbricidae under ultra-violet rays (mercury-quartz lamp), 
found that the amount of oxygen consumed during the radiation is consider¬ 
ably decreased; after the radiation (which first stimulates, then paralyses, 
and ultimately kills the worms), if the injury sustained is not too great, 
the consumption of oxygen increases again. 

According to Focke (’30) in Marburg, the interpretations of Meeker 
and others must be incorrect, since he maintains that the wandering of 
earthworms from their burrows depends upon the change of the osmotic 
relation between the body surface and body fluids. 

Against this opinion, Merker (’30) raises again such objections that 
the explanation shown from the experimental standpoint is certainly 
correct. 

In connection with the causes of death, the phenomena of the anabiosis 
also will be considered Experiments on the anabiosis of earthworms have 
been carried out by Schmidt and Stchepkina (’17) at first and by Schmidt 
(’18) himself. Korsciielt (’25) remarks that similar facts probably occur 
m natural condition as Schmidt’s results indicate. In worms kept in earth 
(for the purpose of transplantation and regeneration) a continued condition 
of dryness caused a considerable diminution in length and volume; while 
a reduction of length equal to one-third took place in the hot summer of 
1911, even though the worms were kept moist; in both cases recovery 
occurred if the worms were placed early enough under normal conditions. 

Recently Kim, a former member of our Biological Institute, investigated 
the duration of life of worms in pure gases (carbon dioxide, nitrogen, 
oxygen, and air without carbon dioxide and oxygen). But his investigation 
was merely a simple test (private communication). 

Since May of 1932 I have made observations on the longevity of the 
earthworms in water and also the effect of the air elements upon the 
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duration of life of worms. The work was done at the Biological Institute 
of the Tohoku Imperial Unviersity, Sendai, Japan. In the following pages 
I shall describe the results of my study. 

Before going further, I should like to express my sincere thanks to 
Prof. S. Hatai and Assistant Prof. S. Nomura for their kind advice and 
valuable suggestions given during the whole course of this work. 

MATERIAL AND METHODS 

The materials used for this investigation are two species of earth¬ 
worms which are widely distributed in Japan. Pheretima communissima 
Goto et Hatai lives together under half-dacayed fallen leaves or burrows 
into the humus soil. Eisenia foetida Sav. was employed for the purpose 
of experimental comparison with the former species. The worm lives also 
in the humus soil or in faeces set aside on the meadow. The collection 
for the study was made during the months from May to November a 
period when the worms are found in adult forms. 

My observation upon these earthworms can be principally divided into 
the following three parts; (1) the length of time in which the worms can 
endure living in various kinds of water; (2) the length of time in which 
the worms can remain alive in pure nitrogen; and, (3) the length of time 
in which the worms can continue living in pure carbon dioxide and in 
water which dissolves a greater quantity of carbon dioxide than that of 
the water used in the first experiment. 

The methods or the apparatus employed were changed according to 
the experiment. The observations on the experiments are as stated in 
the following. 

EXPERIMENT 


I. Earthworms in water 

As the fundamental observation I have tested how long the worms 
can remain alive in running water without any supply of food. The 
animals were placed in the bottom of each glass cylinder (16 cm in 
diameter and 22 cm in depth); and for the sake of good circulation the 
running water was regulated into the vessel with the aid of siphons for 
drainage. Through the course of the observation, the content of water 
in each glass cylinder was about 2 liters. The results are shown in Table I: 
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Table L 


Number of worms 
(volume) 

Light condition 

Duration of life 

Water temp 

Notes 

10 Eisema 
each volume 

0,4-0,5 cc. 

a) exposed to loom 
light 

lrom the 13th Juno 
to the 2nd Sept j 

82 days 

11 25"c: 

Juno 20th 

2 animals 
dead in a) 

b) covered with 
black paper 

from the 23rd Juno 
to the 24th Sept. 

94 days 

X Pheretima 
each volume 

4,8-5,5 cc. 

a) exposed to room 
light 

from the 5th Sept, 
to the 30th Sept. 

26 days 

: lfi-25 0 c 

! 

Sept. 8th 
one of them 
dead in a). 

b) covered with 
black paper 

from the 5th Sept 
to the 15th Oct. 

41 days 


The movement of the animals diminished on the smooth bottom of 
the vessel and they generally lay still. Within months they became smaller 
until death that was probably due to hunger. 

For the control to the above observation, I have treated the worms in 
2 liters of the stagnant tap-water using the same glass cylinder. The results 
are as follows: (Table II.) 



Table 

ii. 


Number of worms j 

10 Eisema 

0,4-0,5cc 

3 Pheretima 

4,8-5, 5 cc. 

Light condition 

in gloomy place 

in gloomy place 

Water temperature 

17-19 n C. 

J 22-23°C. 

Duration of lift' 

6 days 

18 hours 


In this case, the death of the worms would have been hastened by 
the decrease of the oxygen content and by the excretions (carbon dioxide 
and other organic substances) of them. In regard to this, further 
investigations were carried out. 

As the next investigation, the worms were put into test tubes that 
were filled with the three kinds of water and then corked. These observa¬ 
tions are annexed in Table III: 

I have also measured the oxygen consumption of the worms by C. 
Risch’s method — micro determination of oxygen content m water—of 
the modification of Winkler’s. (One species of Pheretima only has been 
tested.) The results are shown in Table IV. 

From the facts of the quantitative determination of the oxygen consump¬ 
tion of the worms, it should be mentioned that they can not respirate all 
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Table III. 


Species of worms 
(each body volume) 

Kinds of 
the water 

initial pH 
of the 
water 

Final pH 
of the 
watei 

Duration of 
life in 
mean value 

Water 

temp. 

Volume 
of test 
tubes 

A) Eisema 

collected from 

Hayakawa 

Meadow. 

0,45-0,55 cc. 

Tap-water 

6,9 

5,7 

47 hours 

16-17°C. 

cc. 

29.5 

29.6 

31.1 

32.2 

31.7 

29.5 

30.7 

31.5 
32,2 

32.7 
31,4 

Distilled w. 

6,2 

5,1 

39 hours 

Humus filtered 
water 

6,5 

5,2 

44 hours 

B) Eisema 

collected from 
Aono Meadow. 
0, 48-0, 8 cc. 

Tap-water 

6,9 

5,5 

43 hours 

16-17°C. 

Distilled w. 

6,2 

5,3 

23 hours 

Humus filtered 
watei 

6,5 

o, 5 

hours 

C) Pheretima 

3, 4-7, 0 cc 

Tap water 

6,9 

5,75 

3 hours 

43 min. 

21-2-TC. 

Distilled w. 

5,7 

5,55 

3 hours 

20 min. 


Notes Indicatoi used 6,8-8,4 Phenol red 

5,2-6,8 Brom cresol purple 
4,4-6,0 Brom cresol green 

Notes of A) and B).. About 10 min. after stuffing the worms wriggle 
violently About 4 hours after plugging the worms still more At about 30 
min. before death, some parts of the body swell up with water About 2 
hours after death, hemorrhage occurs in every part of the body that has 
been swelled up 

Notes of C\. 3 min after stuffing the worms wriggle violently. In about 

1 hour after plugging the worms still move. At about this time the worms 
project the male pore. It is very distinct. In about 2 hours after death 
hemorrhage occurs in the body wall at random. 

In both cases the woims elongate their body at death 


Table IV. 


Date 

Kinds of 
water 

Water 

temp 

Volume 
of test 
tubes 
in cc. 

V olume 
of the 
worms 
in cc. 

Water 
volume 
in net 
in cc. 

Remain¬ 
ed oxy¬ 
gen in 

% 

Initial oxygen 
content in the 
water in % 

Oxygen 
consumed 
in % 


Tap-water 

18° 

29,5 

5,0 

24,5 

0, 095 

0,648 

0, 577 

nth 

29,6 

6,1 

23,5 

0, 047 

Oct. 

Distilled 

18° 

31,1 

5,0 

26,1 

0,057 

0,572 

0,484 


water 

32,2 

4,0 

28,2 

0,118 


Tap-water 

17° 

29,5 

5,0 

24,5 

0, 054 

0,651 

0, 542 

12th 

29,6 

4 > 1 

25,5 

0,163 
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Oct 

Distilled 

IT 

3U 

5,4 

25,7 

0,109 

0, 650 

0, 589 


water 

3% 2 

4,0 

28, 2 

0, 080 




29, G 

5,0 

24,6 

0,05E> 



13th 

Tap-watei 

XT 

29,5 

5,0 

21,5 

0, 042 

0, 652 

0,008 

Oct 

Distilled 

17° 

31,1 

4,0 

27,1 

0,098 

0, 620 

0, 558 


water 

32,2 

4,8 

27,4 

| 0,031 


oxygen in the water. 

I have also placed the worms in liquid paraffin. The diffusion of gas 
occurs in the oil much more slower than in water. When the worms 
were immersed in the oil, they wriggled about until suffocation has led 
them to death. One Eisenia foetida died in the oil about 5 hours later. 

By adding a few drops of brom cresol green to the tap water in 
which the worms were placed, I have observed also whether the indicator 
penetrates into the body or not. The penetration of this indicator took 
place only through the swelled parts ol the body wall about half an hour 
after death. 

II. Earthworms in pure nitrogen 

The apparatus for this experiment is shown in figure 1. 



Fig. 1, The apparatus for the expeiiment of the pure nitrogen. Explanation 
in the text. 
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In figure 1., (A) is the bomb tamping with the industrial nitrogen 
gas. (B) is the washing bottle for the purpose of cleaning the gas. No. 
l.of (B)is the solution of potassium permanganate (KMnOJ by which organic 
substances are absorbed. No. 2. of (B) is the saturated corrosive sublimate 
(HgCl 3 ) with which arsenic compounds can be absorbed. No. 3. of (B) 
is the pyrogallol solution with caustic potash alkalined, which absorbes 
oxygen gas. No. 4. of (B) is the caustic potash by which carbon dioxide 
can be absorbed. (C) is the glass bottle containing the distilled water with 
which humidity is given to the sending gas to some extent. (D) is the 
glass cylinder (about 200 cc. content) provided with one thermometer and 
an open manometer. The animal is tested in (D). (E) is the Erlenmeyer 
flask with water from which excessive gas flows out. 

At first I placed the earthworms in the glass cylinder (D) and then 
the bomb and all the bottles were connected with thick gums and slender 
glass tubes, and all the cocks on the glass tubes were opened. In 
succession I have opened the stopper of the bomb very carefully, and let 
the nitrogen run out for 5 minutes. While stopping the cocks that belong 
to (D), the stopper of the bomb was also closed. Thus I have measured 
the duration of life of the worms in pure nitrogen gas. Table V shows 
the results of the experiment. 


Table V. 


Species of 
the worms 
(volume) 

Temp, 
in (D) 

Reading of 
manometei 

Duration of life 

Control 
in air 

Notes 

3 Eisema 

0,4-0, 5 cc 

21-22 

cm 

0,4-0, 5 

From the 14th July to 
the 2Sth July. 15 days 

/ 

Animals moved 
in every mor¬ 
ning 

1 Pheretima 
4, 8-6, 0 cc 

21—22^ 

0, 5 cm | 

From the 9th Sept. 

(P. M. 2) to the 11th 
Sept (A M 10) 44 hours 
From the 12th Sept. 

! (P. M 2) to the 34th 
Sept (A. M 111 45 hours 
From the 14th Sept. 

(P. M 1) to the 15th 
Sept (P. M S') 31 hours 

! i 

! 54 hours 

[ 

Animals moved 
in e\ery mor¬ 
ning 

: 


III. Earthworms in the ivater ivhich dissolves a greater quantity of 
carbon dioxide than that of the normal condition and in pure carbon 
dioxide 

Here, I shall research conveniently how Jong the worms can continue 
to live in water which dissolves a greater quantity of the carbon dioxide 
gas than that of the water used in the first experiment. The apparatus 
for this observation is illustrated in figure 2. 
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Fig 2 The apparatus foi the production of water 
with carbon dioxide saturated Explantion in the text. 

(A) is Kipp’s apparatus used as the continual developer o! carbon 
dioxide which can be produced by calcium carbonate and hydrochloric 
acid (1 cone. HCl-f H 2 0). (B) is the washing bottle with the saturated 
sodium bicarbonate solution by which we can absorb excessive hydrogen 
chloride and other substances. (C) is the three mouthed bottle in which 
the water is saturated by carbon dioxide for the employment. (D) is such 
Erlenmeyer flask as (E) in figure 1. 

Opening the cock that belongs to the Kipp’s apparatus, I have developed 
carbon dioxide gas and let it run off for about 10 minutes. Utilizing the 
water obtained by this method I have repeated the test tubes investigation 
of the first experiment. But now I have established the saturated water 
as the standard, and then I have made 1/2, 3/4 diluted, 7/8 and 15/16 
diluted water solution. This observation was carried out from the 25th 
of October to the 11th of November using one species of the earthworms 
(Pheretima communissima Goto ct Hatai). (The volume of each worm 
is about 4,8-5,0 cc.) The researches are annexed in Table VI and figures 
3 and 4. 

As soon as the worms were placed in the test tube, the animal wriggled 
around in it and in about 10 minutes after stuffing it projected the male 
pore. In such a case, the animal almost sent mucus out of its mouth. 

The content of the carbon dioxide in the water has been determined 
by Van Slyke’s volumetric method. 

As the apparatus for the last study, I have combined (A) and (B) in 
figure 2 with (C), (D) and (E) in figure 1. Then the worm was brought 
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Table VI. 


Kinds of 
water 

Tap-water 

Distilled water 

Humus filtered water 

Initial pH 

E 

Oh 

"c3 

c 

E 

C0 2 content 
initial % 

Duration of 
life in min 

Initial pH 

Final pH 

CO 2 content 

initial °a 

Duiation of 
]ife in min. 

Initial pH 

Final pH 

C0 2 content 
initial fo 

Duiation of 
life in min 

With C0 2 

saturated J 
diluted 

4,9 

4,9 

57, 39 

14 

4,2 5 4,2 i 23, SS 

12 

5,0 

5, 0 

49, 30 

15 

5,3 

5,3 

24, 85 

50 

4,4 j 4,4 1 9,97 

49 

5,4 

5,4 

29,56 

52 

3/4 diluted 

5,5 

5, o 

9, 99 

102 

4,7 | 4,7 ; 5, 30 

83 

5, 6 

5, 6 

11,49 

11 s 

7/S diluted 

5,6 

5,6 

5,10 j 135 

5,0 

5,0 2,S3 

115 

5,8 

5,7 

5,73 

136 

15/16 diluted 

5,8 

5,7 

1,67 

160 

5,3 

5,3 1, 70 137 

6,0 

5,7 

1,86 

200 

normal 

6,9 

5,75 0,31 

223 

5,7 

5,7 | 0,19 

200 

\ 

\ 

\ 

\ 


Notes . Water tempei ature. 13 -16°C Indicatoi uted. 6,8-8,4 Phenol red. 5,2-6,8 Brom 
cresol purple 4,4-6,0 Brom ciesol green, 4,6-3,0 Brom phenol blue. 



Fig* 3. The relation between the duration of life and hydrogen-ion 
concentration. (Reference to Table VIj 
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Table VII. 


Species of the 
woims (volume) 

Temp, in (D) 

Dui at ion of life 

Reading of 
manometer 

Notes 

1 Pheretima j 
4, 0-5, 0 cc 

13-14° 

5 -11 min 

8 minutes and 

80 seconds in 
mean value 

i 

0,5 0, (ion. 

Until the short 
time befoie the 
death, the worm 
was wriggling. 


into (D) and the gas left open until the 
worm died. The results are shown in 
Table VII. 

The worms that were taken out of 
the current of the carbon dioxide re¬ 
covered their normal state if they were 
not exposed to the gas for more than 
5 minutes. 

Connecting, within 2 minutes, the 
glass bottle of the capacity of 200 cc. 
air with the glass cylinder (D) in figure 
1, in which the worm and the carbon 
dioxide were alreadly closed, I have also 
measured how long the duration of life 
of the animal will be prolonged. Next, 
instead of that bottle, I have substituted 
the bottle of the capacity of 2200 cc. 
air and repeated the same process. No 
change of longevity of the worm in 
either case was recognized. 



Fig. 4. The relation between 
DISCUSSION AND CON? LUSION the duration of life and carbon 

dioxide content (Reference to 

Earthworms can endure submersion Tabic VI) 

in water for long periods. Darwin 

quotes from Perrier, who kept earthworms alive for nearly four months 
completely submerged. Comboult (’09) also kept worms in clear water 
for months. I have reserved the worms in the running water for months. 
With the month they became smaller. Death in this case may be 
probably due to hunger because the supply of oxygen was sufficient. 
Moreover, from the facts that when placed in 2 liters of stagnant water, 
10 Eisenia could remain alive about 6 days only, and 3 Phereiima about 
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18 hours, we can assume that death was hastened by the decrease of 
oxygen content in the water and by the effect of the excretions of the 
animal, (carbon dioxide, and other organic substances.) For the sake of 
exact experimental proof, I have made observations on the duration of 
life of animals in test tubes and quantitative determination of their oxygen 
consumption. We may, therefore, infer from this physiological experiment 
that the oxygen in the water has been almost exhausted by the worms, 
and carbon dioxide and other substances have been excreted by the 
animal, as indicated by the increase in hydrogen-ion concentration (Table 
IV). 

It was proved by Meeker experimentally that tap-water, when filtered 
through earth, loses much of its oxygen. For this experiment, a glass 
tube which has a diameter of 5 cm. and a length of 120 cm. was used. 
100 cm. of this tube was filled with earth and filter-paper was placed at 
its bottom. Test was made with tap-water. An example of the results 


shows the following : 

The initial oxygen content in the tap-water . 10,004 mg. in L. 

Oxygen content in the tap-water filtered through the 

earth in the tube . 5,953 mg. in L. 

The loss of the oxygen . 4,051 mg. in L. 


or 2,331 cc. in L. 

Judging from this quantitative determination, Merker maintains that rain 
water will lose its oxygen content in a few hours in the soil and the air 
of the burrows and other crevices of the soil is replaced after a heavy 
shower by deoxygenated water, and a zone of air-hunger for the inhabitants 
of the soil will be produced. The worms which can not evade this oxygen* 
hunger by going deeper will come to the surface of the earth and wander 
about in daylight. He has also tested the effects of the ultra-violet rays 
in daylight which has the intensity of 0,0389-0,678 in Bunsen-Roscoe’s 
unit and the effects of the artificial light of the mercury-quartz lamp which 
has the intensity of 0,240-0,432 in the same unit, upon the earthworms. 
The ultra-violet rays are harmful to the worms, so that even in dull 
weather they will be paralysed in 2 to 3 hours to such a degree that 
they can scarcely crawl. 

Loose soils contain considerable amounts of water and air in the space 
between the solid constituents. The soil as the environment of organisms 
is a complex of many factors which have not completely been analyzed. 

The longevity of worms in the water, which contains a quantity of 
Carbon dioxide, or that in pure gaseous carbon dioxide is very short 
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(Table VI, Figs. 3 and 4). I would stale that the earthworms as well as 
fishes and other aquatic animals are more sensitive to variations in the 
carbon dioxide content of water than to those in oxygen. Carbon dioxide, 
if present in quantity, may suffocate animals. Gaseous conditions in the 
environment may stimulate particular activities and the gases in soil arc 
particularly important for animals that live there. Aeration is necessary, 
and burrowing animals therefore prefer loose soils 

The results of my experiment, where the worms have been placed in 
pure nitrogen or in liquid paraffin, have shown that the earthworms can 
live without any supply of oxygen for considerable periods of time, though 
the length of survival differs by the genus. Konopacki has reported also 
the same fact by the experiment m which the worms were placed m pure 
hydrogen gas. In my first experiment, the oxygen content in about 30 ec. 

of water m the test tube is 0,648*^=0,1914 cc. (18 C). And it must be 
consumed out in less than one hour, if the animal respires constantly 
0,2 cc of oxygen per hour, as under normal conditions. Bui the animal 
m it could remain alive for about 4 hours. So the animal must have 
resisted to the unfavorable condition for about 3 hours at least. Wo must 
therefore assume that intramolecular respiration is taking place during this 
period of time, and the same process may perhaps go on ordinarily along 
with aerobic respiration. 

At the last page of my discussion I shall call attention to the phenomena 
that the male pores in Pheretirna were protruded very distinctly in the* 
experiment with plugged test tubes, and that disintegration of the body 
begins to appear at the place just mentioned. 

Deriving from my experiment I want to state the conclusion that, even 
though the cause of the death of earthworms be complex in nature', the 
lack of oxygen will be the first move to the way of death and the carbon 
dioxide may affect on the worms as the direct cause of death. Owing to 
the air hunger and the effect of carbon dioxide, they give up their dwelling 
place. 


SUMMARY 

1. Earthworms can endure submersion in running water for months, 
even though there is difference in their longevity according to the species 
of the animals. 

2. The duration of life in pure nitrogen gas and in pure carbon 
dioxide gas has been measured. 

3. When the animals are placed under unfavorable conditions, they 
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can maintain life by anaerobic respiration for considerable periods. 

4. As the cause of their death, the lack of oxygen will be the first 
move and the carbon dioxide may give to the worms the direct effect of 
death. 
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On the study of the heart physiology, it seems very important to 
determine the existence of the ganglion cells in the heart of the animals. 
Reports on the existence of the ganglion cells in the heart of Lamelli- 
branchs are very few. Dogiel (1877) described that the ganglion cells 
exist in the auricles and at the auriculo-ventricular junctions of Anodonta 
and Pecten maximus. Carlson (1906) observed the ganglion on the 
reno-cardial nerve at the base of the auricle of Platydon. I have reported 
that the ganglion cells exist in the heart of the common oyster (1934). 

The present research was undertaken with the hope of determining 
the existence of the ganglion cells in the heart of the pearl oyster. The 
investigation has been done at the Mitsui Institute of Marine Biology. 

MATERIAL AND METHOD 

The pearl oyster, Pinctada martensi Dunker, is found in abundance 
in the Bay of Ohura, near Shimoda. The heart of the pearl oyster is 
contained in the pericardium which is situated in front of the adductor 
muscle of the body. 

After removing the shell carefully, the heart, the pericardium and the 
visceral ganglia were fixed in the Bouin’s or Flemming’s strong solution. 
The materials were embedded in paraffin and sectioned serially at a 
thickness of 8~-T3 fJ- for the purpose of the investigations. Delafield’s 
haematoxylin with eosin or Heidenhain’s iron-haematoxylin were found 
the most suitable stains for the purpose of examining the nervous ganglion 
cells. Other fixations and staining methods, sublimate, alcohol, formol, 
bichromate, or Mann’s methylene blue eosin, Mallory’s triple connective 
staining method, toluidin blue erythrosin or impregnation methods also 
were tried, but satisfactory results were not obtained. For the vital staining, 
methylene blue and Rongalit white were used. The method of the vital 
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staining has been already described m my previous paper (34). 

OBSERVATION 

The Pericardium (Fig. 1, Per.) is a thin-walled sac lying between the 
visceral mass and the adductor muscle. The cavity of the pericardium is 
more spacious on the right side of the heart than on the left, but the 
left portion is much elongated and extends for a considerable distance 
along the anterior margin of the adductor muscle. 

The Visceral ganglia (Fig. 1, VG.) lie m a slight depression on the 
postero-ventral surface of the adductor muscle. The ganglia are covered 



Fig 1 Diagram to show the relative position of the heart, the visceral 
ganglion, etc. A. anus; Add. adductor muscle; AU. auricle; By. byssus, 

CVC. cerebro-visceral connectives; F foot, G. gills, Lp. labial palp; ML. 
mantle lobe; Per. pericardium, St. stomach; V. ventricles; VG. visceral 
, ganglion. 

by a single layer of epithelium. The two ganglia are not fused, namely 
two separate parts can be distinguished by the naked eye. A stout nerve 
fibre bundle, visceral commissure, is seen between the two ganglia. 

The visceral ganglion consists of a fibrous structure in the centre and 
nervous ganglion cells in periphery. The fibrous structure of the visceral 
ganglion is a mass of nerve fibrils and surrounded by many nerve cells. 
The nerve cell of the visceral ganglion is unipolar and measures about 
20^25 p in length and 12~17 in width. Nucleus of the nerve cell is 
large and clear in section, almost round in shape and measures about 
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7 p in diameter, and contains a clear nucleolus. The protoplasm of the 
nerve cell stains black with Heidenhain’s iron-haematoxylin and dark violet 
with Delafield’s haematoxylm, so that they can be distinguished distinctly 
from the other tissue cells. 

The visceral ganglia are connected with the cerebral by means of the 
cerebro-visceral connectives which lie buried in the connective tissue of 
the digestive diverticulum, the gonads, and the renal organs Besides 
these connectives, the visceral ganglia give off several pairs of nerves 
innervating the organs surrounding them, the branchial nerves, the adductor 
nerves, and the palhal nerves. Innervation of these nerves is almost the 
same as that of the common oyster. The nearest branch to the visceral 
ganglia of the cerebro-visceral connectives runs towards the pericardium 
and innervates into the visceral mass after passing the base of the auricles. 
I have failed to see the pene¬ 
tration of this nerve into the 
heart even though followed 
through the serial section. 

The Heart of the pearl oys¬ 
ter is, as the common oyster, 
not traversed by the rectum, 
and consists of a median ven¬ 
tricle and two symmetrically 
placed auricles The heart 
muscles are better developed 
m the ventricle than m the 
auricles. The muscle fibres 
cross and re-cross each other 
in all dn ections, so that the 
wall of the ventricle has a 
spongy textuie. All the heart 
muscles are non-striped. The 
wall of the ventricle is white 
but the auricle shows very dark 
brown or black colour. The 
auricles communicate with the 
ventricle by a narrow slit on each side which is provided with muscular 
valves. 

The examination of the finer structures of the heart wall had succeeded 
to reveal the existence of the ganglion cells (Fig. 2) The ganglion cell 



Fig 2 Photograph of the ganglion cells at 
the auriculo-ventricular junction v 650 GC gan¬ 
glion cell 
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m the heart is also unipolar in shape and has a large nucleus which 
contains a clear nucleolus in its centre. The protoplasm takes a dark 
violet or black colour with the haematoxylin staining as were noted in 
the nerve cells of the visceral ganglion. 

Fig. 3 illustrates the distribution of these ganglion cells in the heart. 
That is, in the auricles, there are more ganglion cells m the parts of 
anterior and posterior, but are in the middle part of the auricles small 

in number in companson with 
the former. At the auneulo- 
ventncular junction, the ganglion 
cells arrange themselves m ring- 
like formation. In the ventricle, 
the ganglion cells are mainly at 
the middle part and the anterior, 
there are no cells m the neigh¬ 
bourhood ol the auriculo-venti i- 
eular junction. 

There are about 60 ganglion 
cells in the ventricle and about 
100 cells in the auncles exculsivc 
of the aunculo ventr.cular junc¬ 
tion. At the auriculo-ventncular 
junction, about 100 ganglion 
cells are discovered. Namely, 
the number of the ganglion cells 
is larger in the auricle than in 
the ventricle. 

By using the vital staining 
with methylene blue and with 
Rongaht white, I could observe 
the nerve fibres in the heart. The fibres in the auricles of the pearl 
oyster were almost the same in feature as that of the common oyster. 
In the ventricle, I could not demonstrate the existence of the nerve fibres, 
for probably the wall of the ventricle is too thick for staining. 


4o 



Fig 3 Diagiam to show the distribution 
of the ganglion cells in the heart Ao aorta, 
AU. auricle, AVJ. auiiculo-ventriculai junction, 
Per pericardial wall, V venticle, -+■ indicates 
localization of the ganglion cells 


SUMMARY 

1. The gross anatomy of the pericardium, the visceral ganglia, and 
the heart is given. 
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2. The ganglion cells in the heart were discovered and the distribution 
of these cells were determined. 

3. Nerve fibres in the auricles were observed by using the vital stain¬ 
ing method. The histological feature of these nerve fibres was almost the 
same as that of the common oyster. 

Before leaving the subject, I desire to express my sincere thanks to 
Prof. S. Hatai of the Biological Institute of Tohoku Imperial University 
for his kind encouragement 
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ON THE INNERVATION OF THE HEART OF LIMPETS 


By 

Senji Suzuki 

Mitsui Institute of Marine Biology , Shimoda , Japan 
(With two figuies) 

(Received June, 12, 1934) 

The purpose of the present investigation is to examine the innervation 
of the heart and to determine the existence of the ganglion cells in the 
heart of the limpets. The experiments have been done at the Mitsui 
Institute of Marine Biology. 

MATERIAL AND METHOD 

The observations upon the heart have chiefly been made from two 
marine species, Cellena nigrolineata (Reeve) and C. eucosmia (Pilsbery), 
which are commonly found in the neighbourhood of the Institute. 

The shell was removed carefully and the heart with surrounding tissue 
was dissected, then fixed by using several fixatives, including: Bouin’s 
solution, acetic sublimate, formol, Zenker’s solution, and pyridm. Various 
staining methods were used; Delafield’s haematoxylin with eosin, Hei~ 
DENHAIn’s iron-haematoxylin, Mallory’s triple staining mixture, and toluidm 
blue with erythrosin. Vital staining with methylene blue and with Rongalit 
white were also tried but the results were not statisfactory. 

DESCRIPTIVE 

In this experiment, I used two species of limpets, Cellena nigrolineata 
(Reeve) and C. eucosmia (Pilsbery), but the former only will be described, 
because there was found no difference in the results between them. 

When the shell was removed, the heart of the limpet is seen through 
the pericardial wall. The rate of the heart beat is slow with an average 
of about 15 to 20 contraction per minute at the room temperature (15°C.). 

The blood is a colourless fluid in which float amaeboid corpuscles. 
The blood corpuscles are small and colourless, and are about 8 fJ- in dia¬ 
meter and in permanent preparations, show a prominent nucleus in the 
centre of a rounded or ovoid body. 
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Pericardium. The pericardium is roughly triangular in shape and completely 
filled by the heart and situated at the left anterior corner of the dorsal surface 
of the visceral hump. The walls of the pericardium are muscular and, 
at the outermost layer, are densely arranged many small but somewhat 
elongated epithelial cells which stain only with haematoxylin. The ventral 
wall of the pericardium is thicker and more muscular than that of the 
dorsal and has numerous eosinophile glands which open to the nuchal 
chamber In the ventral wall of the pericardium, a stout nerve fibre which 
originates from the visceral ganglion runs parallel to the long axis of the 
heart, namely from the right to the left side of the body. 

Visceral ganglion. A visceral ganglion lies to the right of the fore-gut and 
to the ventral portion of the right posterior corner of the pericardium. It 
consists of nerve fibres and nerve cells and gives off several nerves. A 
stout nerve, the visceral nerve, is richly branched and supplies the left 
kidney, rectum and various viscera. Another stout nerve goes to the right 
kidney Other small nerves of the ganglion run into the visceral hump. 

The nerve cells of the visceral ganglion are uni- or bipolar in shape. 
Each nerve cell has a large clear nucleus, and measures 18^25 ft- in length 
and 7—14/^ in width. The nucleus measures about 6/^ m diameter and 
contains a nucleolus in its centre which stains distinctly dark violet or 
black with haematoxylin. 

Heart. The heart of the limpet consists of a thin-walled auricle in front and 
a thicker-walled ventricle behind. On the posterior portion of the ventricle, 
continues an intra-pericardial aortic bulb. All these parts of the heart 
are white and have no pigments. 

The auricle is larger than the ventricle, but its muscular fibres are 
fewer in number and its walls are thin, transparent and extensible. The 
auricle gives off a branchial vein from its left anterior corner. This 
branchial vein soon divides to anterior and posterior branchial veins in 
front of the pericardium. The anterior border of the auricle communicates 
with the nuchal chamber through the pericardial wall by several veinlets. 

The ventricle streches right across the pericardium, and its antcro- 
dorsal wall is thicker than that of the postero-ventral. Its dorsal wall is 
connected by fibres with the roof of the pericardium, along a line going 
obliquely from right to left. The aperture between the ventricle and the 
auricle is guarded by two valvular flaps which project into the ventricle 
cavity. The anterior and posterior aortae start from the right and left 
corner of the intra-pericardial aortic bulb respectively and they run parallel 
to and in close connection with the ventricle wall. The walls of the aortic 
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bulb are thick and muscular almost of the same degree as the ventricular 
walls. The aperture between the ventricle and the aortic bulb is guarded 
by a muscular septum which projects into the cavity of the latter. All 
the heart muscles are non-striped. 

Innervation of the Heart. By the studies of serial sections, I could see that 
the nerve fibre enters the heart through the communicating portion between 
the auricle and the pericardium. This nerve fibre which innervates the 
heart is a branch of the visceral nerve. A branch of the visceral nerve 
runs in the ventral wall of the pericardium and gives off several nerve 
branches. One of these small nerve branches enter the auricle at about 
the middle portion of the auricle and runs parallel to the anterior border 
of the auricle for some distance, then divides into two branches. One of 
the branches runs along the dorsal wall of the auricle and another along 
the ventral. Then each of them gives off many fine nerve fibres. Some 
of these fine nerve fibres go to the ventricle through the aperture and 
innervate the ventricle. Finer innervation of these fine nerves can not be 


definitly traced, but in Figure 2 the innervation of some relatively stout 
nerve fibres is shown d^grammatically. The manners of the endings in 
the heart muscles of these fine nerve fibres can not decided. Another 


nerve branch of the visceral nerve 
enters the mtra-pericardial aortic 
bulb through the communication 
between the aortic bulb and the 
pericardial wall and branches 
immediately and innervate the 
walls of aortic bulb and the 
aorta. The nerve fibres which 
innervate the aortic bulb tend to 
the ventricle, but whether these 
nerve fibres continue with those 
which enter the ventricle from 
the auricle can not be determine 
with certainty. 

Ganglion Cells in the Heart. The 
heart of the limpet is supplied 
by a nerve from the visceral 
ganglion, as mentioned above, 
and yet I could observe several 
ganglion cells in the heart. The 



Fig. 1. Photograph of a ganglion cell in 
the heart of Cellena nigiohneata. x600 
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Fig 2 Diagiam to show the inneivation of tho heail anti the dtsliilmtion 
of the ganglion cells in ihe heart A A Anterior aorta, AS Aoiiit hull), AU. 
Auncle, N Nerves which inneivate the heal t, NRV Veinlets front nut hal tool; 

PA Posterior aorta, PV Hianehial vein, P\V lVrnaidial wall; l r Ventricle 
+ indicate the ganglion cells. 

ganglion cells in the heart have been studied also in fixed preparations. 
They are always easily distinguishable because their si/e is larger than other 
tissue cells and their cytoplasms stain daikly with haematoxylm. The 
nucleus of the ganglion cell is large and contains a clear nucleolus The 
ganglion cell is uni- or bipolar and measures 16~22/' in length and 
7~ 14in width, and the diameter of its nucleus is about 6 /' (Fig. 1). 

In the auricle, 4^6 ganglion cells situated in the heart muscles near the 
aunculo-ventricular junction and 2 cells aie always seen on the nerve 
fibres at the point of entrance of the nerve to the auricle In tho ventricle 
and the aortic bulb are also discovered several ganglion cells. Some ol 
them are seen on the muscular septum between the ventricle and the 
auricle or the ventricle and the aortic bull), and some of them near the 

aorta. These ganglion cells are always separated from each other by 
other tissue fibres. 

Figure 2 is shown diagrammatically the distribution of the ganglion 
cells m the heart. There are about 30 ganglion cells in the heart in total. 
The number of the ganglion cells is larger in the ventricle than in the 
auricle and m the aortic bulb. 
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SUMMARY 

1. The pericardium is roughly triangular in shape and completely 
filled by the heart. The ventral wall of the pericardium is thicker and 
more muscular than that of the dorsal and has numerous eosinophile 
glands. In the ventral wall of the pericardium, a branch of the visceral 
nerve runs from right to left of the body. 

2. The visceral ganglion consists of nerve fibres and nerve cells. 
The nerve cells of the ganglion are uni- or bipolar. 

3. The heart consists of three parts: the auricle, the ventricle, and 
the intra-pericardial aortic bulb. The auricle is largest in size but its 
muscular fibres are fewer than in the other parts of the heart. 

4. The nerves which innervate the heart are two branches of the 
visceral nerve. One enters the auricle and innervates both the auricle and 
the ventricle, and another enters the aortic bulb and innervates the aortic bulb, 
aorta, and the ventricle. 

5. The ganglion cells in the heart were discovered and the distribution 
of these cells were determined. The number of the ganglion cells is larger 
in the ventricle than elsewhere. 
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UBER DIE EXOGASTRULABILDUNG BEIM SEEIGELKEIM 
DURCH AUXIN, GLYKOGEN UND KCIO, 


Von 


Is ao Motomura 

Biologisches Inshtut der Kaiserhchen Tohoku-Umversitat, Sendai 
(Mit 4 Figuren) 

(Eingegangen am 10- Juli 1934) 

EINLEITUNG 

Neue Untersuchungsergebnisse iiber die Natur des Organisators iro 
Amphibienkeim zeigen, dass die Vorgange der embryonalen Induktion 
chemiscbe Prozesse sind. lj Beim Seeigelkeim wurde von Horstadius (’SI) 
festgestellt, dass die Mikromeren starkes Induktionsvermogen besitzen. 
Wenn die Exogastrulabildung beim Seeigelkeim, wie von Herbst (’92 und 
’96), v. Ubisch (’ 29), MacArthur (’24) and Horstadius (’31) berichtet 
wurde, ein Merkmal der Vegetativisierung oder der Veranderung der 
Verhaltnisse zwiscben dem animalen und dem vegetativen Gefalle des Keims 
ist, so muss es ein Weg zur Losung der Frage nach der Wirkungsweise des 
Induklors sein, die die Exogastrula induzierenden Stoffe m mehreren Zahlen 
zu finden und ferner deren Wirkung untereinander zu vergleichen. 

Die Pflanzenphysiologen 2) fanden einen mteressanten organischen Stoff 
Auxin, der das Wachstum der Pflanzen bewirken soil, und stellten fest, 
dass sich dieser Stoff auch im tierischen Gewebe befindet. 

Die Frage ist nun hier, in welcher Weise Auxin auf die tierischen 
embryonalen Zellen wirkt, und weiter, ob das Glykogen wie beim Amphi- 
bienorganisator auch beim morphogenetischen Verlauf des Seeigelkeims 
irgend eine Rolle spielt. Im Foigenden werden die Ergebnisse meiner 
Versuche iiber die Wirkung des Auxins und des Glykogens am Seeigelkeim 
beschrieben. Dabei wurde ferner auch die Wirkung von KC10 r , gepriift, 
das ein Oxydationsmittel ist. 

Als Material wurden die Eier eines Seeigels, Strongylocentrotus 
pulcherrimus (A. Agassiz), benutzt. Der Keim wurde in HERBSTschem 

OHoltfreter (’33); Spemann, Fischer und Wehmeier (’33); Fischer und Wehmeier 
C33); Waddington, J. und D- M. Needham (’33 und ’34); Woerdeman (’33a, ’33b, ’33c und 
’33d); Raven (’33> 

2) Went C28); Kogl (’33a und b); Boysen-Jensen (’31); Mascbmann und Laibach (’32). 
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kiinstlichem Meer wasser 1 ^ geziichtet. 

EXPERIMENTELLER TE1T, 

1) Auxin. Zur Gewinnung des Auxins wurclcn die Kulturfliissigkeit 
von Aspergillus niger and menschlicher Harn als Ausgangsmalcrial benutzt. 
Nach der Methode von Boysen-Jensen 2) 3 zuclitete ich Aspergillus niger 
etwa sechs bis zwoli Tage lang bei 30-35 C. 500 ccm Kulturfliissigkeit 
wurde nach Ansauern mit Essigsaure mit Ather :!) ausgescbiitielt. Der 
Atherextrakt wurde mit gesattigter wasseriger Losung von NaHCO i{ extrahiert. 
Der Bikarbonatextrakt wurde noch einmal mit Ather ausgescbuttelt. 
Der letzte Atherextrakt wurde eingedampft. Der Riickstand dieses 
Extrakts wurde mit 4,6 ccm distilliertem Wasser gelbst. Diese Stammlosung, 
welche pH 4,6 ist, wurde in kleine Ampullen getan. 

Frischer menschlicher Harn wurde mit Salzsaure sauer gemacht und 
in der Luft eingedampft. 1200 ccm Harn hinterlassen 200 ccm einer brauncn 
Konzentration. Sie wurde mit Essigsaure angesauert und mit Ather 
extrahiert. Weiter wird sie, wie oben beschneben, behandelt. Der 
Riickstand des Atherextrakts wurde mit 6 ccm distilliertem Wasser gclost 
und in Glasampullen aufbewahrt. 

Die Konzentration von Auxin wurde nach WENTsche Methode (Went 
5 28) gemessen und zwar in der photographischen Dunkelkammer bei rotern 
Licht. Die Stammlosung von Auxin wird mit dem gleichen Volumcn einer 
0,3 prozentigen Agarlosung gemischt und koaguliert. Em Id einer Toil des 
koagulierten Auxin-Agar-Gemisches wurde ekzentrisch auf die dekapitierte 
Koleoptile von Avena sativa , welche vorher im Dunkeln drci Tage lang 
bei 31 C etiolmiert worden war, gebracht. Kurz danach liess ich das 
Schattenbild der A^eTza-Koleoptile durch das rote Licht auf die photogra- 


ONaCl 

30,0 g. 

KC1 

0,8 g. 

MgS0 4 (7 H 2 0) 

13,6 g. 

CaCI^.HsO) 

1,7 g. 

NaHCO, 

0,5 g. 

distilliertes Wasser 

1140,0 ccm. 


2 ->Ich benutzte die folgende Kulturfliissigkeit nach Roysen-Jensen (’32) f\li Aspergillus 
niger, ohne Korkpatrikel hinzu zu ftigen, 
distilliertes Wasser 1000,0 ccm 
Traubenzucker 25 g. 

Pepton 5 g. 

Zitronensaure 0,25 g. 

3 ) Kogl empfielt Benutzung peroxydfreien Athers Bei meinem Versuch wax* kauflicher 
Ather, Konishis Ether anhydrous, distilled over sodium, brauchbar. 
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phische Platte lj fallen. Nach zwei Stunden wurde wieder belichtet, ohne 
die Lage der Pfianzen unci der photographischen Platte zu verandern 
Die Platte wurde clann entwickelt. Die relative Lage der Doppelbilder 
der sich knimmenden Ayerca-Koleoptile im Verhaltnis zur Anfangslage 
wurde nach der entwickelten Platte gemessen. Durch cliese Versuche 
stellte ich fest, dass meine Stammlosung von Auxin aus Aspeigdlus zehnfach 
starker als die aus menschlichem Barn gewonnene war. 

Die Eier von Strongylocentrotus pulchemmus wurden zehn Mmuten 
nach der Befruchtung in die Versuchslosung gebracht und weiter geziichtet 
Bei einem Versuch wurde 1 ccm Stammlosung von Auxin aus Aspergillus 
mit 20 ccm HERBSTschem Meenvasser verddnnt Bei einem anderen Versuch 
wurde die Stammlosung von Harn-Auxm wie oben etwa 20 f ch verdunnt 
Bei alien Fallen wurden die Keime m diesen Losungen bis zum Ende der 
Versuche gezuchtet und mit dem Kontrollkeim oder mit dem Lithiumkeim 
verglichen 

Die Pure hung war m diesen Losungen normal Zwei Tage nach der 
Befruchtung war die Kontrollkeim im Gastrulastadium und nach drei 
Tagen im Pluteusstadium (Fig. 1). Beim Auxinkeim begann die Gastru- 
lation nach zwei Tagen. Aber er wurde die Exogastrula oder die 
Exoentogastrula von verschiedenem Grade. Der in der Auxinldsung des 
menschlichen Harns gezuchtete Keim war wegen der schwachen Konzent- 
ration des wirksamen Stoffs meist die Exoentogastrula (Fig. 2). Der 
entoderm ale Bereich wird vom Gastrulakbi per in der halben Lange des 
Urclarms abgestossen, und der liberbleibende entoderm ale Bereich mvaginiert 
in normaler Richtung. Nach drei Tagen war der Keim noch nn Exoento- 
gastrulastadium geblieben. Eimge Schnurungen wurden im entodermalen 
Bereich beobachtet. Em zapfenformiger Auswuchs hatte sich am ammalen 
Pol dei Gastrula gebildet. Aber die Arme des Pluteus und das Larven- 
skelett entwickelten sich nicht. 

Der in der Auxinlosung von Aspergillus gezuchtete Kenn wurde che 
typische Exogastrula (Fig. 3 und 4). Die Umkehrung des entodermalen 
Bereichs begann nach zwei Tagen. Nach drei Tagen sehniirte sich der 
vollig umgekehrte entodermale Bereich in vier Teile ab, welche mit den 
Schnurungen des normalen Entoderms von Pluteus ubereinstimmen. Die 
Schnurung zwischen dem ektodermalen und dem entodermalen Bereiche 
ist so schmal, dass der umgestiilpte entodermale Bereich von diesem Punkt 
an sehr leicht abweicht. Das mittlere Stuck des umgestulpten Urdarms 


UIlfords Soft Gradation Panchromatic Plate 
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Abb 1-4 Bildung der Exogastiulae bei den Larvon von St ton xyloi ent iotas 
pul< hern mu', 1 Normaler Pluteus. 2 Exoentogastnila ini Ham-Auxin A 
und 4 Exogastrulae im Aspergi11us -Auxin 

ist dickwandig und bildet ein kleine Blasehen, welches vielleichl dem 
Mitteldarm des normalen Reims entspricht. Der ektodermale Bereieh war 
blasenformig. Am ammalen Pol des dunnwandigon, ektodermalen Bereichs 
wurde ein zapf enter nnger Auswuehs beobachtet. Der ektodermale Bereieh 
des in der Aspergillus -Auxmlosung gezuchteten Reims war Idem im 
Vergleich mit dem m der Harn-Auxinldsung ge/iiehteten Auch der 
zapfenformige Auswuehs war kleiner je naeh der Grosse des ektodermalen 
Bereichs oder nach der Konzentration der Auxinlbsungen. 

Eimge Verschiedenheiten wurden zwischen dem Auxinkeim und dem 
Lithiumkeim beobachtet. In dem Gemisch von 1 ccm isotoniseher 11 LiCl- 
Losung mit 100 ccm HERBSTschem Meerwasser war koine Wirkung des 
Lithiums bei Strongylocentrotus pulcherrrmus zu sehen. Die tvpisehe 
Wirkung von Lithium ersehien bei 1,5 bis 5 Volumpro/enl der LiCI-Ldsung. 
Bei 1,5 bis 2 Prozent wurde der Reim zu einer Kxoontogastrula. Erst 
bei 3,5 Prozent wurde er zu einer Exogastrula. Der Reim bewegle su*h 
aber nicht lebhaft, verglichen mit der Exogastrula der Auxmlosung. Diese 
schwamm so lebhaft umher, dass der umgestiilpte entodermale Bereieh 
oft vom Ektoderm abgelost wurde. Ferner entwiekelte sich beim Lithium¬ 
keim der zapfenformige Auswuehs am ammalen Pol nicht. Mil anderen 
Worten: die Differenzierung des ektodermalen Bereichs ist beim Lithium¬ 
keim unvollkommen. 

2) Glykogen. Die neuen Ergebnisse der Untersuchungen iiber die 
chemische Natur der Organisatorwirkung beim Amphibienkeim zeigen die 

l} Eine 2,3 prozentige wasseiige Losung von Li Cl ist isotonisch mit dem pazifisehen 
Meetwasser in dei Gegend von Matusima 
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Wichtigkeit des Glykogenstoffwechsels Es ist von Spemann und anderen 
behauptet worden, dass Glykogen mit dem Induktionstoff identisch ist 
Im Gegensatz zu ihnen meinen Woerdeman (’33a, b, c und d) und Raven 
(’33), dass Glykogen selbst mcht der Induktionsstoff sei, sondern dass die 
glykolytischen Vorgange im Orgamsationszentrum fiir die Bildung des 
Induktionsstoffs eine wiehtige Rolle spiel en. Jedenfalls muss vvohl das 
Glykogen ein fur die morphogenentischen Vorgange des Keims wiehtige 
Substanz sem. 

In meinem Versuch benutzte ich das kaufliche Glykogen von Sankyo. 
Das Glykogen wurde in HERBSTschem Meerwasser gelost und der Keim 
in dieser Losung gezdehtet. Bei Konzentrationen von mehr als 0,3 
Gewichtsprozent Glykogen bildete sich die Exoentogastrula. Bei 1 bis 0,8 
Prozent wurde etwas Exogastrula beobachtet. Die morphologische 
Beschaffenheit dieser Exoentogastrula und Exogastrula ist den Auxinkeimen 
sehr ahnlich. Der zapfenformige Auswuchs wurde auch beim Glykogenkeim 
beobachtet. In konzentrierter Glykogenlosung, die bei meinem Versuche 
1 prozentig war, schrumpft der Keim, als ob er plotzhch in hypertonische 
Losung geworfen wurde. Aber diese Erscheinung ruhrt nicht vom osmoti- 
schen Druck der Glykogenlosung her, denn solche Erscheinung wird, wie 
unten berichtet werden wird, auch bei der Ziichtung im isotonischen 
Gemisch von Traubenzucker und HERBSTschem Meerwasser beobachtet. 
Kurz, die Wirkung des Glykogens ist schwacher als die des Auxins. 

Durch Glykogen wird der Keim in den meisten Fallen zur Exoento¬ 
gastrula und seltener zur Exogastrula. Aber wenn die Losung zu stark 
ist, so schrumpft der Keim, bevor er eine sehone Exogastrula wird. Nun 
fragt es sich, ob diese eine Exoentogastrula bildende Wirkung des Glyko¬ 
gens von der Unreinheit des benutzten Glykogens verursacht wird. Denn 
auch wenn Auxin, welches immer in bakteriologischen Nahrstoffen, z. B. 
im WiTTE-Pepton, gemischt vorkommt x) , als Unreinheit in meinem Glykogen 
vorhanden ware, so ware doch das Ergebnis meines Versuchs nicht als 
spezifische Wirkung des Glykogens anzusehen. Also wiederholte ich das 
Verfahren der Extrahierung des Auxins aus meinem Glykogen, konnte 
aber keine Spur von Auxin in 5 Gramm Glykogen nachweisen. Ferner 
war das nach diesem Verfahren wneder mit absolutem Alkohol zuriick- 
gezogene Glykogen ebenso wirksam wie das nicht behandelte Glykogen. 
Deshalb ist die oben beschriebene Wirkung des Glykogens nicht auf die 
unreine Mischung des Auxins zuriickzufuhren. 


1 Bqysen-Jensen (’31) und Bonner (’32) 
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Nach Analogie der Muskelphysiologie wurcle die Wirkung des Trauben- 
zuckers gepruft. Eine isotonische wasserigc Ldsung von Traubcnzucker 
wird mit Herbstschem Meenvasser in verschiedencm Verbal inis gemisehl 
mid der Keim kurz nach der Befruchtung in dem Zuokor-Mcenvasser- 
Gemisch geziichtet. In emem Fall wurcle eine Miselumg von Traubon- 
zuckerlosung und HERBSTschem Meenvasser zu gleichen Teilcn benutzl. 
Dieses Gemisch enthalt 10 Gewichtsprozent Traubcnzucker unci isl zehnmal 
starker als das Gewichtsprozent der oben besehriebenen Glykogcnldsung. 
Troz grosser Konzentration des Traubenzuckers entwickelt sich der Keim 
bis zum schrumpfenden Pluteus. Beim schwachcren Zuckergehalt der 
Kulturfliissigkeit, welche zwei Gewichtsprozent Traubcnzucker onthielt, 
entwickelte sich der Keim zum guten Pluteus mit normal on Armen unci 
normalem Skelett. Aus cliesem Versuch erkennen wir, class der Trauhen- 
zucker keine Exogastrula bildende Wirkung besitzt und class die Schrump- 
fung des Keims auf der Mischung von Traubenzucker und Hmmsisehem 
Meenvasser auch beruht. 

3) KCIO,. Nun wurde die Wirkung von KC10 ;b das ein Oxydations- 
mittel ist, gepruft. Em Gemisch von 5 Volumteilen einor 6,5 prozentigen 
wasserigen KClOfLosung und 95 Teilen HERBSTschen MecTwasseis bewirkt 
beim Seeigelkeim Bildung der Exogastrula. Eine schwaehere Lbsung isl 
wirkungslos und eine starkere hemmt die Entwicklung. Der Unifang der 
optimalen Wirkung der Losung ist bei KC10 P) klein. Der durcli KC10-. 
hervorgerufene Exogastrulakeim ist schwachlich. Er bewegt sich scbwerfal- 
lig auf dem Boclen der Glasscbale. Die morphologische Besebaffenheil 
des KClOjcKeims ist der des Lithiumkeims abnlich. Beiden fchlt der 
zapfenformige Auswucbs am animalen Pol. Aber c\s g(Tmg mir nicht, 
beim KClO ;5 -Keim die verschiedenen Stufen der Vegetalivisierung zu 
beobachten, die beim Lithiumkeim eine typischo Erscbeinung ist. 

VERSUCHSKRGEBNISSE 

In den obigen Versuchen wurde die Wirkung von Auxin, Glykogen 
und KClOft gepruft. Diese drei Substanzen bewirken beim Seeigelkeim 
Bildung der Exogastrula oder der Exoentogastrula. Die Wirkung des 
Auxins ist spezifisch und stark. Der Keim entwickelt sich zum typischen 
Exogastrula oder Exoentogastrula je nach der Konzentration des Auxins. 
Dieser Keim bewegt sich lebhaft im Vergleich zum Lithiumkeime. Mit 
anderen Worten: die Beweglichkeit der Exogastrula ist beim Auxinkcim 
am wenigsten geschadigt, im Vergleich zum Glykogen-, KC10 : r und Lithium¬ 
keime. 
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Eine andere Verschiedenheit ist, dass beim Auxin- und Glykogenkeim 
deutlich ein zapfenformiger Auswuchs am animalen Pol gebildet wird. 
Beim Lithiumkeim von Strongylocentrotus pulcherrimus erscheint dieser 
Auswuchs nicht. Aber bei Echinus microtuberculatus und Asterias glacialis 
wurde von Herbst (’92 und ’96) die Bildung dieses *4us\vuchses durch 
Lithiumsalz beobachtet. Daher konnen wir es nicht als wesentliche 
Verschiedenheit der Wirkung des Auxins und des Lithiums ansehen, dass 
beim Lithiumkeim von Strongylocentrotus pulcherrimus dieser Auswuchs 
nicht gebildet wird. 


ZUSAMMENFASSUMG 

Die Wirkung von Auxin, Glykogen, Traubenzucker und KCIO, auf die 
befruchteten Eier von Strongylocentrotus pulcherrimus wurde gepriift. In 
der Auxinlosung entsteht die Exogastrula. In der Glykogenlosung bildet 
sich meist die Exoentogastrula. Exogastrulation wird auch durch Zusatz 
von KCIO, in HERBSTschem Meerwasser erzielt. Aber der Traubenzucker 
besitzt diese Wirkung nicht. 
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Up to the present time the problems of the relative growth in living 
organisms have been the subject of investigation by many investigators. 
Huxley has in animals studied quantitatively the heterogonic growth of 
parts of the body and arrived at important conclusions with regard to 
growth gradients. In his formula, y=bx L , k expresses a constant differential 
growth ratio or growth-coefficient of the organ to the growth of the body 
considered as a standard. Klein and Scammon (1930) have applied the 
same formula to the growth of the human body, and Green and Fekete 
(1933) to the growth of the mouse. Furthermore, a similar formula has 
been adopted by Hersh (1931) to express the genetic growth of Drosophila; 
and by Anderson (1932, ’33) for the growth of the body, and for the 
rate of regeneration of wounds in the carapace, of Daphnia magna. 

In general, the relation between length (L) and mass (W) can be 
represented by W/V=K , where K denotes a constant. Putter has applied 
this relation to the growth of the plaice, [vide Thompson (1917), Przibram 
(1922), and Janisch (1927)], and Thompson has discussed the growth of 
the plaice in his book with regard to the changes of the constant K . 
Crozier (1914) has observed that the linear relation y=ax J rb exists in 
the shells of Dosinia discus (Reeve), where x denotes length and y depth, 
width, etc.; and he has proved that (W+D)/L = K, where K denotes a 
constant, W width, D depth, and L length. Such relations as have just 
been mentioned may obviously be generalized in the expression y--bx l of 
Huxley, if they are slightly amplified. 

Sometime ago Nomura (1926, ’28) studied the local variation in some 
molluscan shells. He applied an empirical formula a=kb x to his results, 
this formula having the same form as Huxley’s y=bx k but only with the 
adoption of a different notation. According to him, his k expresses a 
local constant and his x a specific constant. 
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Naturally, the value of the local constant ought to vary with the 

locality. Variation in the local constant ought to represent the differences 
m the environment where the animals live. If this proves to be the ease, 
the problem of what environmental I actors all cot the shell-development is 
not only an interesting but also a vital one in the field of ecological in¬ 
vestigation. The study of this problem was therefore' undertaken at the 
suggestion of Prof. E. Nomura, and begun on April 1, 1933, Meretrix 
meretrix (L.) being chosen as the material, and the empirical formula 

y = ax h being applied, where a and b denote different kinds of constant, 

and x and y different kinds of variable, each of which represents a series 

of respective measurements taken from the shells. 

Here I wish to express my sincere thanks, to Prof. Kkitauo Nomura, 
who kindly suggested to me useful subject, and gave me cordial guidance 
during the progress of my investigation, and also to Mr. SmcHiHEi Nomura, 
who willingly identified the species. For collecting the specimens and for 
having been reported on the conditions of sea-water and sea-bottom, f am 
also much indebted to the gentlemen : Mr. S. Rondo, Mr. R. Sato and 
Mr. Z. Kanzaki of the Fishery Institute, Ehime-Ken; Mr. K. Mo rick a 
and Mr. D. Okabe of the Fishery Guild, Kamesima, Okayama-Ken; Mr. 
T. Sitano, the Fishery Guild, Ozi-Mura, Yamaguti-Ken ; Mr. If. Simura, 
Mr. M. Kawamura and Mr. Kato of the Fishery Institute, Kumamoto- 
Ken; Mr. G. Kumagai, the Fishery Institute, Buzen-Kai, IIukuoka-Ken; 
Mr. S. Miyazaki, the Fishery Institute, Ariake-Kai, Ilukuoka-Kon; Mr. 
K. Ishikawa, the Fishery Institute, Hukuoka, Hukuoka-Ken ; Mr. M. Ta- 
mura, the Fishery Institute, Hirosima-Ken , Mr. K. Maepa, I he Fishery 
Institute, Tottori-Ken; Mr. T. Nogutjt, and Mr. H. Mjyatika of the 
Fishery Institute, Tokusima-Ken; and also to the Fishery Institutes of 
the Prefectures; Ehime-Ken; Kumamoto-Ken; IIukuoka-Ken; Ilimsima- 
Ken; Tottori-Ken; Tokusima-Ken; Okayama-Ken; Yamaguti-Ken; Iluku- 
sima-Ken; Isikawa-Ken; Miyagi-Ken; and Tiba-Ken; and to the Fish- 
Breeding Station, Kawagoe, Miye-Kcn. 

material and method 

Meretrix meretrix (L.) is a clam widely distributed on the sandy sea-shore 
of Japan. The materials have been collected from fourteen different 
places in Honsyu, Sikoku and Kyusyu, as shown in Fig. 1. 

For preserving the specimens, a 3% formalin solution was used. This 
solution was always kept at a specific gravity of 1.024, with the addition 
of a quantity of sodium chloride. 
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Fig. 1 Main islands of Japan, to show the localities wheie the clam¬ 
shells were collected. 

A and F Yatuya-Mati, Tikuzyo-Gun, Hukuoka-Ken. 

B Sdizyo-Mati, Nii-Gun, Ehime-Ken. 

C Turesima-Mati, Asakuti-Gun, Okayama-Ken. 

D Takamatu-Mati, Kahoku-Gun, Isikawa-Ken 

E Ryokai-Muia, Sanmon-Gun, Hukuoka-Ken. 

G Yatusno-Mati, Yatusiio-Gun, Kumamoto-Ken 

H Tokusima, Tokusima-Ken. 

I Ozi-Muia, Toyouia-Gun, Yamaguti-Ken 

J Kawagoe-Mura, Miye-Gun, Miye-Ken. 

K Kankawa, Tiba, Tiba-Ken. 

L Hattori-Mura, Iwami-Gun, Tottori-Ken 

M Matukawa-Ura, S6ma-Gun, Huhusima-Ken. 

N Watanoha-Mati, Ozika-Gun, Miyagi-Ken. 

P Kusatu-Mati, Hirosima, Hirosima-Ken. 

The" linear dimensions, viz. length, depth, and height, and the shell- 
weight, including ligament only, were measured. All the linear measure¬ 
ments have been calculated as far as to two decimal places in cm., and 
the shell-weight to one decimal place in gm. 

The calculations were made by the method of least squares, the results 
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being expressed in the logarithmic formula, log ;(/=log a + b log x. 

In the formula, y=ax, y is taken as representing the depth, height, 
or weight, while x always represents the length. 



Fig 2 Diagrammatic ^presentation of Mcretnx meretnx , 
to show the points wheie the lineai measurements were taken 
L length, D depth, H height 

RESULTS 

In each locality, the date of collection, the shortest and greatest length 
among the shells obtained, the annual average of the surface temperature 
of sea-water, and the number of specimens are shown together in I able 1. 


Table 1. 


1 

Place S 

Date of 
collection 

Shortest and 
greatest length 
among the 
shells obtained 
(cm) 

Avei age 
surf at e 
temperature 

C’C) 

Number of 
specimens 

A 

Nov. 19, ’32 

4.51—6.42 

17.4 

38 

B 

Nov. 20, ’32 

3.10—5.50 

17.7 

101 

C 

Nov 19, ’32 

2.7G-4.18 

— 

144 

D 

Oct 14, ’32 

a 71—5.49 


101 

E 

Oct. 29, ’32 

2.02- 5.00 

17.8 

129 

F 

Nov. 20, ’32 

2.47—5.117 

17.4 

114 

G 

Nov. 4, ’32 

3 22—4.00 

18.6 

170 

H 

Dec. 25, ’32 

2.66—5.08 

17.6 

141 

I 

Jul 11, ’32 

2.36—7.70 

- 

82 

J 

Sep. 29, ’32 

2.13—5.59 

17.2 

181 

K 

Sep 30, ’32 

1.48—5.95 

16.4 

274 

L 

Oct. 3, ’32 

5.80-7.69 

--- 

30 

M 

Sep. 2, ’33 

0.52—3.87 

14.9 

187 x 

N 

Sep. 19, ’33 

1.17-6.15 

14.6 

67 

P 

Feb. 14, ’33 

2.29-5.16 

18.0 

184 


The notations showing the localities are exactly the same as those in Fig, 1. 

* The shell-weights for calculation were taken from 100 individuals, 1.57-3.87 cm. 
in length. • 
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The results obtained by calculation are shown together in Table 2. 

As shown in Table 2, the value of b is never constant Originally, the 
constant b is the ratio between two constants and represents a condition 
of relative growth between two dimensions, x and y , Thus if these two 
constants vary with locality and season 13 , the value of b should naturally 
be different according to the difference in locality and season (time phase). 
However, in speaking of one species, the mean value of b can be taken 
as a representative or standard value for the species. Therefore, in spite 
of the fact that the value of a, which corresponds directly to the value 
of b, is not to be preferred as the local constant, the value of a,„, which 
corresponds to the mean value of 5, can be recognized as such a constant. 
Thus, the local constants are morphologically comparable figures through 
the whole developmental process, showing the change of the dimension y 
when the length x is taken as the base. 

Table 2. 


Place 


Depth 

a,„ 

Height 


Weight 

dm 

b 

a 

b 

a 

a,„ 

b 

a 

B 

1.00 

0.494 

0 466 

0.95 

0.887 

0.913 

2.68 

0.188 

0.197 

C 

1.12 

0.401 

0.475 

0.98 

O.S40 

0.893 

2.50 

0.227 

0.190 

D 

1 02 

0 136 

0 422 

0.85 

0.9S5 

0.868 

2 76 

0.201 

0 239 

E 

0 99 

0.524 

0.4SS 

0.95 

0 SS3 

0.90S 

2.73 

0.164 

0.183 

F 

1.00 

0.524 

0.498 

0 92 

0.934 

0.922 

2.59 

0.226 

0.210 

G 

1 09 

0 470 

0.499 

0 91 

0.943 

0.921 

2.55 

0.249 

0.221 

H 

0 98 

0.5IG 

0.476 

0.90 

0.969 

0.931 

; 2.56 | 

0.283 

0.251 

I 

0 90 

0.549 

0 491 

0.92 

0.941 

0.928 

2.55 

0.260 

' 0.2*27 

J 

0 99 

0.514 

0.483 ! 

0.90 

0.927 

0.894 

; 2.40 

0.276 

! 0.203 

K 

1.03 

0.450 

0.448 

0 92 

0.885 

0.875 

2.66 

i 0.167 

0.169 

M 

j 

! i.oi 

0.459 

0.459 

0.99 

0.861 

0.891 

2.70 

0.242 

0.254 

N 

1.17 

' 0.356 

| 

0.420 

0 95 

0.841 

0 862 

3.10 

0.134 

0.237 

P 

1 1.08 

I 

1 0.462 

0.4S3 

0 90 

0.932 

0 901 

2.74 

0.174 

0 193 

Mean 

1.04 | 

i 

! 

0.93 

t 


2.65 




The data from the places A and L are omitted because of the small number of 
the individual specimens at those places. 

The value of a corresponds directly to the value of b } but the value of a, it cor¬ 
responds only to the mean value of b 


1 The details in connection with this point will be discussed in another paper. 
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PROBABLE RELATION BETWEEN LOCAL CONSTANTS AND TEMPERATURE 

It is very natural to consider that the local constants have some rela¬ 
tion to the environment, because the development ol the shell ought to 
be controlled by the environmental system in which the animal grows. 
In such cases, temperature of sea-water, salinity, nutrition, and many other 
physical, chemical, and biological factors may be considered as the limiting 
factors of shell growth. These external factors may accelerate or retard 



Fig. 3. Relations between the local constants and the annual average of surface 
temperature of sea-water. Plotted from the data given in Tables 1 and 2. 
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the shell growth, and also may be expected to be in equilibrium with 
the internal factors of the animal. Unfortunately, however, the records 
of many environmental factors which might affect the growth are very 
meagre with the exception of those of average temperature of the surface 
of sea-water. 

A probable relation between the local constants and the temperature 
is shown in Fig, 3. 

Invariably in the three curves, the maximum local constant is found 
at about 17.6°C., and the value of the local constant tends to decrease 
in accordance with both lowering and raising of the temperature. The 
general shape of the curves is not symmetrical. Some points at both 
low and high temperature do not exactly fit in with the curves. In my 
opinion, these points may have been caused by other effective environ¬ 
mental factors, which cannot yet be identified. 

The local constant represents, of course, the morphological variation: 
strictly speaking, the variation in the weight, height and in the depth, 
when the length is the same. In comparison with the side view of the 
clams from different localities, the anterior or posterior contour of the 
shells appears to be different according to the different temperature. In 



N H P 


Fig 4. Diagrammatic side view of the clams from the different localities. 

N from Watanoha-Mati, Miyagi-Ken (14 6 C C), H from Tohusima, Tokusima- 
Ken (17.6°C), P from Kusalu-Mati, Hirosima-Ken (18.0 r C.) 

general, the lower the temperature the more the anterior part of the 
shell projects, the higher the temperature the more the posterior part 
projects, and the nearer the temperature approaches 17.6°C. the more 
rounded the outline of the shell becomes. 

DISCUSSION 

Nomura (1926, ’28) studied the differences in the local constants in 
Littorina sitchana Phil., Sphaerium heterodon Pils., Limnaea japonica Jay, 
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Viviparus japonicus var. iwakawai PiLS., Purpura cluvigera Kuster, and 
Monodonta labio (Linn.). 

Chamberlain (1930) has shown that the rate of growth of the fresh¬ 
water molluscus, Lampsilis anodontoides (Lea), Lampsilis siliquoidea pe- 
pinensis Baker, and Tritogonia vercosa (Rafinesque), varies with locality. 
In these molluscan shells, discrepancy in the local constant may be also 
recognized as due to difference in the rate of growth in different localities. 

In 1926 Nomura observed the influence of coastal waves on the shell- 
shape of Littorina sitchana. The effect of coastal waves on the material 
under discussion can be readily determined. At the locality N which is 
exposed to comparatively high waves, as it faces the outer ocean, the 
thickness of the valve of the clams is larger than that from the lacalities 
facing a calm sea. Moreover, the specimens from the place N are heavier 
than those from other places, but this may be considered to be due not 
only to the effect of coastal waves but also to other factors. 

In sea-water, oxygen-amount, salinity, and temperature are mutually 
closely related. 

Thiel (1926) has observed m the case of Sphaenum corneum, that the 
growth rate of shell depth and height in proportion to length varies with 
the cleanliness and uncleanliness of the water in the locality. He has 
ascertained, experimentally, that this phenomenon is caused by the difference 
in the oxygen-content in the medium. 

Salinity of sea-water has a very remarkable effect on the shell growth, 
as well as in calcareous metabolism. Orton (1925) has studied the shell 
growth of the oyster and concluded that the growth is accelerated in a 
low salinity. 

In general, temperature is known as an effective factor in the velocity 
of growth. Orton (1928) observed that the shell growth of the oyster, 
Ostrea edulis , is most vigorous in spring and autumn, and almost ceases 
in summer and winter, and he states that the temperature during the 
shell-growing period is 50°-59°F. This fact may suggest the existence of 
a correlation between temperature and shell growth. Thus the presence 
of different constants found in my present research may possibly be con¬ 
sidered as one proof that the shell-development shows a close correlation 
with temperature. 


SUMMARY 

1) The length, height, depth, and the shell-weight of the clam, Mere- 
trix meretrix (L.), from fourteen different places have been measured. 
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2) In order to determine the local constants, the formula, y=ax h , 
where x is always the length, y another dimension, and a and b constants, 
is used. The local costant a M is calculated out from the formula after 
the determination of the mean value of b. 

3) At an annual average of surface temperature of sea-water of about 
17.6°C., the local constant showed the maximum value. The side view 
of the clams grown at this temperature is comparatively roundish. 

4) The lower the temperature the more marked is the anterior pro¬ 
jection, and the higher the temperature the more acute the posterior pro¬ 
jection becomes. 
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TABLES AS THE BASES OF CALCULATION 


Table 3. Locality A : Yatuya-Mati, Hukuoka-Ken. 
Collected on Nov. 20, 1932. 


Length 
in cm. 

Depth 
in cm. 

Height 
in cm 

Weight 
in gm. 

Length 
in cm. 

1 . 

i Depth 
in cm 

Height 
in cm. 

Weight 
in gm 

4.51 

2.33 

3.73 

11.0 

5.62 

2.98 

4.60 

23.5 

4.59 

2.55 

3.71 

11.7 

: 5.65 

2.99 

4.40 

23.0 

5.00 

2.70 

4.06 

16.7 

5.70 

2.92 

4.84 

21.8 

5.09 

2.72 

4.12 

15.7 

i 5.72 

3.10 

4.66 

24.6 

5.23 

2.83 

4.27 

19.9 

5.73 

3.04 

4.53 

24.4 

5.26 

2.82 

4.34 

14.6 

5.75 

2.95 

4.73 

25.3 

5.27 

2.87 

4.25 

20.7 

5.75 

3.01 

4.66 

21.5 

5.29 

2.83 

4.25 

17.6 

5.78 

2.91 

4.61 

19.8 

5.30 1 

1 2.78 

4.15 ; 

17.4 

5.82 

2.99 

4.62 

21.6 

5.33 

| 2.83 ! 

4.31 , 

20.1 

5.87 

3.00 

I 4.86 

22 3 

5.36 i 

2.94 

4.38 ! 

22.2 

, 5.89 

f 3.07 J 

4.77 

24^3 

5.48 

1 2.81 i 

4.45 i 

18.0 

5.90 

i 2.96 

| 4.63 

22.9 

5.52 ; 

3.00 . 

4.56 j 

22 7 

ij 5.96 

1 3.10 

4.67 

26 .’o 

5.52 ' 

2.95 i 

4.55 

19.5 

!. 5.97 

: 3.05 

4.72 

25.7 

5.55 I 

2.88 | 

4.40 1 

20.3 

|i 5.97 

3.06 

4.64 

24.5 

5.56 ! 

2.92 j 

4.49 f 

20.5 

i 6.02 

3.06 

4.80 

24.6 

5.57 

2.83 1 

4.46 

21.9 

6.02 

3.12 

4.79 

25.1 

5.59 | 

2.89 | 

4.40 ! 

19.3 

6.10 

3.22 

4.95 

28.2 

5.60 | 

2.83 1 

i 

4.52 | 

20.7 

6.42 

3.17 

5.20 

26.7 
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Table 4. Locality B: Saizyo-Mati, Ehime-Ken. 
Collected on Nov. 20, 1932. 


Length 
in cm. 

Depth 
in cm 

Height 
in cm 

Weight 
in gm. 

Length 1 
in cm. i 

i 

Depth 
in cm 

Height 
in cm. 

Weight 
in gm 

3.10 

1.49 

2.15 

3.9 

4.15 

1.92 

3.42 

S.8 

3.16 

1.51 

2.66 

3.8 

4.15 

2.25 

3.46 

S.7 

3.32 

1.62 

2.84 

5.1 | 

4.17 

£h04 

3.47 

8.8 

3.40 

1.65 

2.81 

4.0 

4.17 

2.06 

3.44 

7.8 

3.41 

1.73 

2.S8 

5.8 

4.17 

2.03 

3.47 

9.8 

3.61 

1.76 

3 04 

6.1 

4.20 

2.17 

3 38 

8 3 

3.64 

1.80 

3.08 

5.0 

4.21 

2.12 

3.53 

10.2 

3.65 

1.79 

3.03 

6.1 1 

4.21 

2 OS 

3.44 

9.0 

3.65 

1.85 

3.19 

6.3 

4.25 

2.06 

3.57 

9.4 

3.68 

1.90 

3 °2 

6.7 

4.25 

2.12 

3.61 

11.0 

3.6S 

1.76 

s!o7 

5.7 

4.25 

2.13 

3.57 

10.4 

3.71 

1.87 

3.06 

7.2 

4 27 

2 27 

3.53 

10.5 

3.75 

1.87 

3.19 

6.5 

4 81 

2.03 

3.69 

9.9 

3.76 

1.92 

3.21 

7 1 

4.31 

2.09 

3.39 

8.0 

3.78 

1.85 

3.18 

6.8 

4.31 

2.31 

3.63 

11.4 

3.79 

1.94 

3.10 

6.6 

4.31 

2.12 

3.38 

8.0 

3.80 

1.90 

3.15 

7.1 

4.32 

2.OS 

3.61 

9.S 

3.81 

1.80 

3.21 

7.0 

4.33 

2.17 

4.03 

9.5 

3.82 

1.97 

3.15 

6.8 

4.3S 

2 13 

3.48 

10.4 

3.85 

1.80 

3.24 

7.7 

4.39 

2.27 

3.54 

10.1 

3.86 

l.SS 

3.19 

6.1 

4 40 ' 

2.24 

3.69 

9.0 

3.87 

1.90 

3.IS 

6.2 - 

4.41 

2. IS 

3.67 

12.7 

3.88 

1.84 

3.14 

7.4 

4.50 

2.16 

3.72 

9 6 

3.88 

1.91 

3.25 

6 S 

4.50 

2.24 

3.6S 

12.0 

3.90 

1.89 

3.27 | 

6.4 

4.52 , 

s!io 

- 3.71 

10.1 

3.91 

1.90 

3.25 

8.2 

4.54 

2.23 

1 3.71 

11.2 

3.93 

1.99 

3 20 1 

7 5 ' 

4.54 

2.24 

, 3.80 

, 9.8 

3.93 i 

1.97 

3.22 , 

7.5 | 

4.55 

2.09 

i 3.65 

' 10.7 

3.94 ! 

1.S9 

3.13 

6 6 i 

4.58 

2.37 

1 3.72 

! 10.9 

3.95 

1.86 

3.39 

; 7.4 

4.58 

2,35 

3.80 

12.1 

3.95 

1.91 

3.26 

7.7 1 

4.65 

2.37 

I 3.77 

13.1 

3.96 

! 1.94 

3.20 

s 6.6 j 

4.68 

2.32 

. 3.86 

: i2.i 

3.96 

1.84 

3.23 

; 7.8 j 

4.7S 

2.41 

1 3.8S 

11.5 

3.97 

; 1.93 

3.34 

6.5 I 

4.SO 

2.47 

3.96 

: 13.1 

3.98 

1.93 

3.38 

i 7.8 j. 

4.80 

2.23 

i 3,86 

11.7 

4.02 

! 1.91 

3.33 

! 8.7 

- 4.83 

2.44 

1 4.03 

13.7 

4.03 

1.9S 

3.29 

I 7.2 ! 

4.90 

2.40 

1 3.90 

1 11.9 

4.04 

2.03 

3.37 

1 8.4 i 

4.90 

2.30 

1 3.94 

! 12.3 

4.04 

2.05 

3.37 

| 7.3 1 

4.90 

2.43 

: 4.02 

16.0 

4.05 

2.04 

3.34 

! 7.1 ' 

1 4.91 

2.60 

| 4.17 

14 6 

4.05 

2.05 

3.37 

1 7.8 ! 

4.91 

2.49 

3.99 

12.8 

4.05 

1.95 

3.24 

7.2 4.92 

2.50 

1 4.13 

11.7 

4.06 

2.08 

o oo 

. Ot> 

8.2 

4.97 

2.41 

j 4.03 

14.3 

4.08 

! 2.03 

3.29 

7.8 

4.98 

2.55 

4.03 

; 13.3 

4.09 

, 2.05 

3.38 

8.9 

5.07 

2.47 

' 4.23 

1 15.8 

4.11 

' 2.03 

3.3S 

S .5 

5.10 

2.38 

| 4.05 

j 12.9 

4.12 

2.10 

3.32 

8.0 

5.13 

2.40 

4.14 

j 12.3 

4.12 

2.06 

3.52 

9.7 

5.17 

2.44 

4.11 

14.2 

4.15 

2.15 

| 3.57 

8.5 

5.30 

2.67 

4.24 

; 20.3 

4.15 

2.04 

! 3.43 

8.2 

5.50 

2.60 

4.43 

17.6 

4.15 

2.06 

3.39 

8.9 

i 








142 


I. HAMAI 


Table 5. Locality C: Turesima-Mati, Okayama-Ken. 
Collected on Nov. 19, 1932. 


Length 
in cm 

Depth 
in cm. 

Height 
in cm 

Weight 
in gm 

Length 
in cm 

Depth 
in cm 

Height 
in cm. 

Weight 
in gm. 

2.76 

1.37 

2.21 

2.8 

3.24 

1.60 

2.72 

4.5 

2.80 

1.31 

2.29 

2.8 

3.24 

1 62 

2.56 

4.1 

2.81 

1.36 

2.37 

3.3 

3.25 

1 56 

2.60 

4.1 

2.81 

1.36 

2.33 

2.8 

3.25 

1.63 

2.70 

4.2 

2.85 

1.46 

2.36 

3.5 

3.25 

1.62 

2.70 

4.7 

2.87 

1.43 

2.35 

3.3 

3. 28 

1.67 

2.66 

4.5 

2.89 

1.35 

2.36 

3.2 

3.29 

1.70 

2.68 

4.3 

2.89 

1.44 

2.52 

3.0 

3.30 

1.68 

2.68 

4.2 

2.91 

1.47 

2 41 

3.7 

3.30 

1.66 

2.67 

4.1 

2.92 

1.45 

2.42 

3.3 1 

3.30 

1.65 

2.70 

4.3 

2.92 

1.37 

2.34 

3.1 ! 

3.30 

1.60 

2.73 

4.1 

2.92 

1.41 

2 39 

3.4 

3.32 

1.62 

2.81 

4.8 

2.92 

1.41 

2.40 

3.0 

3.32 

1.72 

2.72 

5.7 

2.95 

1.36 

2.42 

3.3 

3.34 

1.69 

2.70 

4 3 

2.97 

1.49 

2.43 

3.6 

3.34 

1.70 

2.71 

4.7 

2.99 

1.40 

2 42 

3.5 

3.34 

1.59 

2.69 

4.2 

o.oo 

1.49 

2.40 

3.5 

3.34 

1.69 

2.74 

4.6 

S 00 

1.49 

2.50 

3.6 

3.35 

1.69 

2.79 

4.8 

0.01 

1.43 

2.43 

3.3 

3.36 

1.62 

2.72 

4.5 

3.01 

1.44 

2.40 

3.6 

3.37 

1.76 

2.84 

5.5 

3.01 

1.44 

2 44 

3.6 

3.3S 

1.58 

2.78 

4.7 

3.02 

1.50 

2.50 

3.3 

3.38 

1 71 

2.S2 

5.4 

3 02 

1.45 

2.48 

3.7 

3.3S 

1.71 

2.72 

4.9 

3.03 

1.55 

2.53 

3.9 

3.40 

1.73 

2.74 

4.6 

3.04 

1.53 

2.55 

4.0 

3.40 

1.72 

2.78 

4.7 

3.05 

1.45 

2.52 

3.5 

3.41 

1.74 

2.77 

5.4 

3.05 

1.53 

1 2.47 

3.6 

3.42 

1.71 

2.85 

! 4.9 

3.06 

1.52 

! 2.58 

3.8 

3.42 1 

1.70 

2.87 

5.0 

3.07 

1.51 

] 2.49 | 

4.0 

3.43 

1.74 

2.85 

4.8 

3.07 

1.50 

2.56 

3.6 

3.44 

1.79 

2.75 

4.5 

3.07 

1.52 

2.51 

3.7 | 

3.45 

1.74 | 

2.91 

6.0 

3.08 

1.53 

2.47 

3.9 

3.46 

1.78 

2.81 

4.6 

3.08 

1.53 

2.52 

3.7 

3.46 

1.75 

2.91 

5.2 

3.10 

1.56 

2.60 

4.1 

| 3.47 

1.69 

2.83 

4.4 

3.10 

1.57 

2.5S 

4.0 

3.48 

1.69 

2.85 

4.8 

3.10 

1.68 

2.60 

4.3 

3.48 

1.81 

2.92 

5.5 

3.11 

1.46 

2.59 

: 3.6 

3.48 

1 74 

2.77 

5.2 

3.11 

1.53 

| 2.55 

3.8 

3.49 

1.70 

2.89 

5.8 

3.12 

1.58 

* 2.60 

1 4.1 

3.50 

1.70 

2 85 

5.3 

3.13 

1.49 

1 2.54 

i 3.6 

3.50 

1.69 

2.75 

4.9 

3.14 

| 1.57 

1 2.62 

j 4.2 

3.51 

1.72 

2.97 

5.1 

3.15 

1.54 

1 2.57 

i 4.0 

3.51 

1.72 

2 86 

5.8 

3.15 

1 1.48 

1 2.54 

1 3 7 

3.51 

' 1.75 

2.98 

5.7 

3.17 

; 1.59 

| 2.63 

3.9 

3.52 

1.84 

2 87 

5.8 

3.17 

i 1.53 

2.58 

4.0 

3.53 

1.76 

2.91 

5.3 

3.IS 

i 1.60 

2.59 

4.0 

'! 3.53 

1 84 

2 90 

5.3 

3.19 

: 1.62 

1 2.63 

4.4 

3.53 

1.68 

2.80 

5.2 

3.19 

1.55 

2.57 

4.0 i 

3.55 

1.75 

2.89 

5.6 

3.19 

1.72 

2.64 

4.9 

3. 55 

1.70 

2.91 

5.0 

3.20 

1.52 

2.65 

4.1 

| 3.56 

1.86 

2.95 

5.8 

3.20 

1.59 

2.62 

4.1 

| 3.58 

1.69 

2.86 

5.4 

3.20 

1.62 

2.60 

4.0 

' 3.58 

1.80 

2.88 

5.2 

3.22 

1.75 

2.63 

4 4 

3.61 

1.84 

2.97 

6.4 

3.22 

1.66 

2.67 

5.2 

3.63 

1.86 

3.02 

5.5 

3.23 

1.61 

2.61 

4.1 

3.63 

1.89 

3.05 

5.5 
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8 64 

1.78 

3 06 

5.9 

3.83 

1 90 

3.11 1 

7 2 

3 66 

1.90 

3.02 

5.8 ■ 

3.84 

2.11 

3.15 

7 4 

3.68 

1.87 

2 99 

6 6 

3.84 

1.91 

3.16 

6 4 

3.68 

1 SI 

3.00 

5.9 

3.85 

2.03 

3.20 

7 5 

3 69 

1.88 

2.96 

5.5 ; 

3.86 

1.96 

8.30 

7.0 

3.71 

1.85 

3.04 

6.4 

3.S7 

1.90 

8.10 ! 

6.2 

3.71 

1.92 

3.OS 

6.1 ' 

3.S9 

1.94 

3.18 

7.0 

3.72 

1.88 

3.06 

5.6 

3.90 

1.98 

3.31 , 

7.9 

3.73 

1.84 

3 OS 

6.0 ! 

3.91 

1 91 

3.19 

7.5 

3 73 ! 

1 78 

3.02 

5.6 

3.92 

| 2.03 

3.23 | 

6 9 

3 74 

1.95 

3 03 

6.3 , 

3.93 

| 2.03 

! 3.20 

6.7 

3.77 

2.06 

3.18 

| 5.9 

3.95 

I 2.05 

! 8.23 

6 4 

3.78 

1 96 

3.06 

i 6.7 

3.97 

1 1.99 

! 3.22 

7.1 

3 79 

1.96 

3.11 

i 6.1 

! 3.98 

2 03 

3.28 

8 0 

3.80 

1 84 

3.10 

| 6.1 1 

4.01 

1 9S 

j s!10 ; 

e>.o 

3.81 

1 1.81 

2.97 

! 5.S 1 

r 4 * 13 

2.14 

! 3.37 i 

7.1 

3 81 

1 84 

3.14 

i 5.0 

4.IS 

2 17 

3.89 

i 1 

7.9 


Table 6. Locality D: Takamatu-Mati, Isikawa-Ken. 
Collected on Oct. 14, 1932. 


Length 
in cm 

... 

Depth 
in cm 

Height 
in cm 

Weight i 
in gm ; 

Length 
in cm 

Depth 
in cm 

Height , 
in cm 

Weight 
in gm. 

3.71 

1 65 

8.03 

7.6 

4.79 

2. IS i 

3.71 

14.4 

4.05 

1.86 

3 25 

9.8 1 

4.79 

2.15 i 

3.63 

15.2 

4.30 

1.96 

8.44 

11.1 

4.79 

2.29 

3.70 

15.7 

4 35 

1.95 

8.41 

11.8 

4.81 

2.OS 

3.72 

15.1 

4.35 

1.99 

3.35 

11.0 

4 81 

2.28 1 

?> 83 

16.6 

4.41 

2 11 

8.61 

13.7 

4 S5 

2.29 

3.76 

16.8 

4.43 

1 97 

«>. 48 

12 0 

4.85 

2.17 

3.81 

15.8 

4.47 

1.96 

8 45 

11 8 

4 S5 

2.34 

3 77 

17.4 

4.49 

1.94 

8.45 

12.4 

4 S5 

2.16 

3.76 

15 6 

4.51 

2.04 

8.65 

12 7 

4.85 

2.15 

3.S2 

15.8 

4 51 

2.OS 

8.56 

13.5 

4.S7 

2.11 

3.62 

14.8 

4 52 

1.98 

8.44 

11.6 

4 SS 

2.32 

3.77 

16.6 

4.52 

2.00 

8.48 

12.0 

4.88 

2.27 

8.93 

IS.2 

4.52 

2.03 

8.58 

12.7 

4 90 

2.14 

8.83 

15.7 

4.53 

2.00 

8.58 

13.4 

4.90 

2.27 

8.72 

16.1 

4 54 

2.01 

8.62 

13.2 

4.90 

2.32 

8.86 

18.1 

4.59 

! 2.00 

O SfO 
r>. 

13.0 

, 4.92 

2.38 

3.84 1 

18.8 

4.60 

1 2.01 

3.62 

13.5 

1 4.94 

2.20 

3 91 

15.6 

4.60 

| 1.93 

3.54 

12.7 

i 4.95 

2.20 

1 8.80 1 

16 7 

4.61 

! 1.90 

3.60 

1 12.1 

! 4.96 

1 2.30 

3.85 

16.7 

4.61 

! 2.05 

3.62 

13.5 

i 4.97 

1 2.21 

1 3.86 ! 

17.8 

4.62 

1 2.08 

3.63 

■ 18.2 

, 4.97 

| 2.29 

, 8.80 

16.6 

4 64 

2 03 

3.66 

13.2 

' 4.98 

2.19 

; 3.88 

15.4 

4.65 

2.17 

3.75 

15.2 

' 4.98 

2.20 

| 3.78 

I 16.1 

4.65 

; 2.00 

3.68 

! 18.9 , 

4.99 

2.20 

1 8.8S 

! 16.5 

4.66 

2 01 

3.60 

1 12.9 

1 4.99 

1 2.20 

3.73 

16.2 

4.69 

| 2.04 

»> IT "> 

O . /cJ 

14.3 

5.00 

2.21 

3.95 j 

18.0 

4.71 

2.12 

3.62 

! 14.0 

h 5.00 

2.31 

3.91 i 

18.5 

4.71 

; 2.08 

' 3.72 

! 14.3 

5.01 

2.29 i 

3.86 l 

17.0 

4.72 

2.IS 

3.67 

1 15.1 

5.01 

| 2.27 

j 3.90 I 

16.7 

4.78 

2.08 

3.70 

! 14.4 

'! 5.01 

. 2.24 

; 3.89 I 

16.9 

4.73 

: 2.10 

3.62 

1 14.3 

, 5 01 

1 2.26 

( 3.94 

18.4 

4.76 

1 2.16 

3.78 

j 15.3 

5.02 

2.26 1 

3.97 ! 

19.0 

4.77 

2.31 

3.86 

1 16.2 

' 5.02 

1 2.16 

3.90 ! 

17.1 

4 78 

1 2.12 

3.67 

f 14.6 

f 5.02 

1 2.32 , 

3.92 | 

17.0 
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5.02 

2 38 

3.94 

17.S 

5.17 

2.50 

4.07 

21 1 

5.03 

2.25 

3 SO 

15.5 

5.18 

2.41 

4.14 

21.1 

5.03 

2.28 

4.06 

17.7 

5.21 

2.26 

3.90 

18.2 

5 06 

2.13 

3.81 

16.0 

5.22 

2.45 

3.94 

19.4 

5.06 

2.21 

3 89 

17.0 

5.25 

2.30 

4.01 

19.2 

5.OS 

2..26 

3 94 

18.2 

5.26 

2.30 

3.93 

17.9 

5.09 

2.42 

3.92 

IS.7 

5.20 

2.39 

3.95 

18,9 

5.09 

2.24 

3.92 

17.9 

5.31 

2.40 

4.16 

20.8 

5.10 

2.25 

3 86 

IS.2 

5.33 

2.46 

4.08 

20.2 

5.1 0 

2.29 i 

4.00 

17.2 

! 5.33 

2.29 

4.00 

18.(5 

5.10 

2.29 ! 

3.96 

1S.0 

5.34 

2.40 

4.09 

21.3 

5 11 

2.30 : 

3. S3 

17.1 

5.39 

2.40 

4.05 

19.5 

5.12 

6) *■»- 
. rJ'J 

4.01 

18.5 

5.41 

2.56 

4.26 

23.0 

5.12 

2 33 

3.91 

IS. 3 

5.43 

2.41 

4.11 

20.5 

5.13 

2.31 

3.99 

IS.7 

5.45 

2.41 

4.19 

21.4 

5.15 

2.3S 

4 05 

IS.9 

i 5.4S 

2.35 

4.16 

20.8 

5.16 

2.30 

4.13 

20.0 

5.49 

2.35 

4.08 

21 3 


Table 7. Locality E: Ryokai-Mura, Hukuoka-Ken 
Collected on Oct. 29, 1932. 


Length 
in cm. 

Depth 
m cm. 

1 Height 
in cm 

Weight 
in gm 

2.02 

0.99 

1.70 

1.2 

3.23 

1.61 

. 2.70 

3.7 

3.39 

1.66 

t 2.90 

! 4.2 

3.40 

1.S5 

! 2.84 

! 5.7 

3.48 

1.73 

! 2.84 

; 4.3 

3.53 

1.79 

2.98 

4.1 

3.53 

1.84 

2.93 

| 5.1 

3.55 

1.89 

2.95 

! 5.4 

3.61 

I. S3 

j 3.02 

i 5.7 

3.62 

1 93 

2.97 

| 5.6 

3.62 

1.90 

3.00 

5.5 

3.63 

1.S9 

2.90 

4. S 

3.64 

1.S5 

2.88 

! 4.9 

3.66 

1.94 

3.01 

6.0 

3.67 

1,95 

3.01 

1 5.3 

3.72 

1.97 

3.12 

j 5.7 

3.72 

1.96 

3.06 

l 6.1 

3.72 

2.04 

! 3.05 

5.7 

3.73 

1.86 

i 3.12 

l 5.2 

3.74 

1.89 

! 3.10 

I 5.8 

3.74 

2.04 

| 3.13 

i 7.3 

3.76 

1.98 

3 °1 

5.7 

3.76 

2 07 

i 3.06 

6.3 

3.77 

1.9S 

! 3.19 

; 6.3 

3.77 

1 98 

! 3.10 

1 5.9 

3.78 

1.89 

3.15 

5.7 

3.78 

1 93 . 

3.15 

6.6 

3.80 

2.09 

3.08 ; 

6.6 

3 80 

1.95 

3.09 

5.9 

3.SO 

2.01 

3.21 1 

6.5 

3 81 

2.02 

3.20 

7.7 

*3.81 

2.05 

3.23 

6.9 

3.82 ! 

1 93 

3.14 

6.2 

3.82 ! 

1.97 

3.26 

6.6 

3.83 i 

1.96 

3.12 

5.6 


Length 

Depth 

1 Height ; 

Weight 

in cm 

in cm. 

in cm 

in gm. 

3.84 

1.90 

3.21 

6 9 

3.84 

2.00 

3.17 

6.1 

3.85 

1.97 

i 3.12 

6.5 

3.86 

1.98 

3 17 : 

6.0 

3.88 ! 

1.98 

3.23 

7.1 

3.8S 

2.01 

3.18 

5.9 

3.89 

2.09 

3.17 

6.2 

3.90 

2.12 

3.27 

8.2 

3.90 

2! 08 

3.21 

7.2 

3.90 

2.10 

3.22 

7.3 

3.90 

1.97 

3.24 

6.8 

3.92 

2.01 

3.19 

7.0 

3.92 

2.02 

3.14 

6.5 

3.93 

1.99 

3.20 

6.7 

3.93 

2.15 

3.28 1 

7.7 

3 94 

1.96 

3.25 

6.6 

3.95 

2.00 

1 3.13 

6.4 

3.98 

2.10 

3.13 

6.0 

3.98 

2.03 

3.29 

7.0 

3.99 

2.00 

3.35 

7.9 

4.00 

1.89 

3.26 

5.7 

4 01 

1.99 

3 23 

6.0 

4.01 

2.11 

a! So 

8.3 

4.01 

2.01 

3.25 

8.0 

4.02 

2.11 

3.43 

8.1 

4.02 

2.10 

3.33 1 

7.5 

4.03 

2.06 

3.25 

6.9 

4.04 

2.08 

3.37 

7.0 

4.04 

2.05 

3.35 

7.1 

4.05 

2.13 

3.37 

7.7 

4.05 

2.07 

3.35 

8.1 

4.05 

2.21 

3.35 

7.4 

4,07 

2.14 

3.43 

8.0 

4.07 

2.10 

3.34 

7.1 

4.09 

2.17 : 

3.42 

7.7 
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4.09 

2 12 

3.07 , 

6.8 

4.37 ' 

2 20 

3.73 

9.9 

4.09 

2 .10 

3.27 : 

7.1 

4.37 

2.14 

3.62 

8.7 

4.10 

2 28 i 

0.38 ; 

8.9 

4.38 

2 27 

0.56 

9 6 

4.11 

2.19 

3.52 

8.7 

4.39 1 

2*17 

0.4S 

7.8 

4 11 

2.12 

0.43 : 

8.6 

4.40 

2.32 

0.59 

9.0 

4.12 

2 00 

0.39 ! 

6.6 

4 41 

2 25 

0.65 

9 9 

4.14 

2.20 

0.47 ! 

9.1 

4.41 

2 25 

3.58 

8.5 

4.14 

2.19 

3.45 I 

8.7 

4.42 

2 37 

3.50 

10.4 

4.14 

2.29 

3.43 : 

7.9 

4.40 

2.27 

3 72 

9.9 

4.14 

2.07 

3.43 

7.0 

4.46 

o oo 

3.65 

8.0 

4.16 

2.18 

3.38 . 

7.9 

4.47 

2.3S 

3.71 

10.3 

4.16 

2.16 

3.32 ; 

8.0 

4.47 

2^20 

0.58 

9.8 

4.18 

2.17 

3.53 : 

S.6 

4.48 

2.,01 

3.70 

10.1 

4.19 

2.21 

3.45 ; 

8.2 

, 4.49 

2 23 

3.64 

S 8 

4.19 

2.13 

3.52 i 

9 0 

| 4.49 

2.30 

0 62 

9 0 

4 19 

I o 2o 

3 39 : 

8.9 

1 4.50 

2 °5 

3.6.8 

9.7 

4 20 

i 2.10 

3.09 

7 7 

4 52 

2 39 

3.69 

10.4 

4.20 

2.05 

0.49 | 

S.S 

1 4.52 

i 2 °0 

0.7 3 

10 0 

4 21 

i 2 20 

o.o6 : 

7.9 

I 4.50 

2 ! 29 

0.58 

9 4 

4.20 

i 2 20 

> 3.44 ! 

8.0 

4.50 

! 2.29 

3 74 

10 8 

4 24 

! 2.26 

' 3 60 j 

8.8 

1.64 

2.40 

3 67 

11.1 

4 25 

2.20 

! 3.61 ; 

9 8 

4 65 

2.49 

0.78 

11.0 

4.27 

1 2.21 

j 3.57 i 

8.6 

4 65 

, 2.46 

0.80 

12 0 

4.2S 

1 2.00 

! 3.50 i 

9.9 

4 67 

! 2.42 

3 81 

9 7 

4 02 

2.22 

3.54 S 

7.8 

4.79 

1 2*44 

0 85 

10 1 

4 02 

1 2 *.12 

3.54 ; 

8.8 

4.84 

2.45 

: 0.99 

12.9 

4.00 

2.11 

3.57 ■ 

8.8 

' 4.S7 

2 50 

0.99 

11.3 

4.34 

1 2.09 

1 3.62 , 

8.4 

' 4.92 

« 2.40 

' 4 02 

12 2 

4.04 

1 2.27 

! 3 63 ; 

10.1 

5,00 

. 2,56 

4.05 

1LS 

4 06 

> 2 18 

, 3.56 

8.6 







Table 8. 

Locality F : Yatuya-Mati 
Collected on Nov. 19, 1 

i, Hukuoka-Ken. 
932. 


Length 

Depth 

Height 

Weight 

Length 1 

Depth Height 

Weight 

in cm 

in cm 

in cm. 

in gm 

in cm 

in cm. in cm. 

in gm. 

2.47 

1.25 

2.11 


3.15 , 

1.62 2.67 

4.2 

2.60 

1 00 

2 27 

2.6 

3.15 

1.72 2.70 

4.7 

2.60 

1.42 

2 ! 30 

3.1 

• 3 20 

1,66 2.72 

5 2 

2.74 

1.45 

2.34 

3.2 

3.21 

1.67 2.75 

4.3 

2.77 

1.07 

2.31 

2.8 

3.21 

1.55 2.71 

0.8 

2.77 

1.49 

2.42 

3.3 

0 21 ; 

1,77 2 70 

4.8 

2. SO 

1 46 

2.39 

2.9 

3 22 

1.71 2.72 

4.8 

2.89 

1.55 

2.54 

3.7 

; 

1.62 2.76 

4.9 

2.90 

1.52 

2.45 

3.2 

3.24 

1.89 2 84 

S 3.8 

2 92 

1.58 

2.51 

4.0 

3.26 ; 

1.64 2,75 

4.6 

2 92 

1.59 

2.52 

4.1 

3.00 

1.62 2,71 

! 4.2 

2.90 

1.62 

2.50 

4.1 

0.00 

1.79 2,83 


0.02 

1.56 

2.54 

0.9 

0.32 

1.79 ! 2,88 

! 5.7 

3 00 

1.52 

2.51 

0.9 

3.33 ; 

1.68 2.81 

5.3 

0.00 

1.58 

2.59 

0.5 

1 3.04 

1.72 1 2,83 

; 4.9 

3.03 

1.65 

2.56 

4.2 

3.35 i 

1.70 2.89 

1 5.6 

0.07 

1 50 

2.69 

4.1 

0.35 ! 

1.85 | 2.80 

6.2 

0.08 

1.51 

2.65 

3.1 

0.37 

1.70 , 2.78 

4.8 

0.08 

1.58 

2.61 

4.0 

0.37 | 

1.85 j 2.88 

6.5 

0.10 

1.59 

2.63 

4.1 

3.40 

1.76 I 2.93 

; 5.2 

3.11 

1.64 

2.76 

4.8 

3.40 

1 1.80 ; 2.S9 

5.7 

0 14 

1.57 

2.63 

3.4 

0.41 

1.71 i 2.90 

5.6 









146 I- HAMAI 


3,44 

1.80 , 

2 95 

4.9 

: 3.92 

2.00 

3.30 

8.8 

3.43 

1.88 i 

2.96 

6.2 

3.92 

2 12 

3 29 

7.8 

3.46 

1.90 i 

3.00 

6.9 

3.93 

2 ! 02 

3.30 

9.5 

3.47 

7.84 ; 

2.92 

6 1 

3.93 

2 10 

3.27 

8.7 

3 58 

1 93 

3.05 

5.0 

3.95 

2.07 

3 30 

8 3 

3.55 

1.96 

3.03 , 

0 7 

3 95 

2 10 

*> OO 
<> > 

8.2 

3.56 

1.80 1 

2.91 

5.1 

4.02 

2.07 

3 40 

8 2 

3,58 

1.94 

3.00 1 

6.2 

4.03 

2.14 

3.43 

8.3 

3.59 

1 SO 1 

2.9S ; 

5.7 

4.04 

2 16 

3 44 

10 8 

3 60 

1 95 

3.06 1 

7.2 

4.06 

2.18 

3.42 

10.2 

3.62 

1 81 

3.04 

6.7 

4 07 

2 19 

3.44 

8 3 

3.62 

1.88 1 

3.02 

6.0 

4.07 

2.32 

3.43 

9.5 

3.64 

1 93 : 

3.01 

6.2 

4.10 

2.24 

3 47 

10.4 

3 65 

3.90 | 

3.02 i 

6.6 

4.14 

2.16 

3.35 

7 2 

3 65 

2.08 ; 

3.05 , 

6.8 

4.14 

2.25 

3.57 

9.6 

3.68 

1.87 

2.99 

5.6 

4.15 

2 20 

3 45 

8.0 

3.6S 

l.£0 ! 

3.02 

5.6 

4.16 

2 06 

3.45 

8.5 

3.68 

1.94 1 

3.07 

5.8 

4.16 

2.17 

3.47 

9.5 

3.70 

2.03 

3.11 

6.2 , 

4.19 

2.11 

3.52 

9 7 

3.70 

1 94 ; 

3.03 

7 1 

4.19 

2.23 l 

3 48 

9.2 

3 71 

2.05 

3.16 

6.8 

4 20 

2 10 

3 44 

9.3 

3.73 

1.85 

3.16 

5.6 ' 

i 4 23 

2.21 

3.66 

9 2 

3.73 

2 00 

3.IS 

7.6 

4 25 

2.14 

3 60 

10.3 

3.76 

1.99 

3.22 

7.9 

4.31 

0 ox 

JU . JJ'I 

3.61 

9.4 

3 77 

2.00 

3*12 , 

5.3 

4 34 

2 22 

3 65 

9.2 

3 79 

1.9S 

3 17 

7.7 

4.36 

2.20 

3.41 

7.7 

3 82 

2.00 

3 20 

8.4 

4 40 

2 34 

3.68 

10.2 

3.83 

1.97 

3.21 

7.9 

4.48 

2.32 

3 68 

11.5 

8 83 

2.13 

3.20 

7 9 

4,55 

1 2 31 

1 3 75 

10 8 

3 86 

2.05 

3.30 , 

7.5 

4.56 

2.34 

3.75 

! 10.3 

3 S8 

2.01 

3.22 

7.0 

. 4.70 

I 2.46 

1 3.83 

l 12.7 

3.90 

2.09 

3.26 

9.0 . 

4 70 

1 2.59 

i 3.91 

12 0 

3.91 

1.97 

3.29 

6.6 

5.05 

: 2.66 

4.06 

15.7 

3.91 

2.06 i 

3.2S 

8.2 , 

' 5.10 

! 2.72 

! 4.06 

13 4 

3.92 

1.97 ; 

3.30 ; 

7.3 

5 37 

, 2.60 

1 4.38 

18.9 


Table 9. Locality G: Yatusiro-Mati, Kumamoto-Ken. 
Collected on Nov. 4, 1932. 


Length 

Depth 

Height 

Weight 

Length 

Depth 

Height 

Weight 

in cm. 

in cm 

in cm 

in gm. 

in cm 

■ m cm. 

in cm 

in gm 

2.03 

1.00 

! 1.80 

1.4 

2.73 

1.37 

2..‘!0 

3.1 

2.38 

1.19 

2.02 

2.1 

2 74 

1.40 

2 30 

3 4 

2.44 

1.23 

2.06 

2.3 

2.75 

1 1.42 

2.41 

3. 1 

2.51 

1.19 

2.16 

2 4 

2.76 

1.38 

2 83 

3.0 

2.52 

1.29 

2.15 

2.5 

2 77 

1.41 

2.39 

3.4 

2 53 

1 22 

2.13 

2.3 

2.80 

1.4 4 

2.39 

3.4 

2.56 

1.28 

2.14 

2.6 

2.81 

, 1.41 j 

2.39 

3.4 

2.5S 

1.32 

2.20 ■ 

2.7 ' 

2.83 

i 1.49 

2.41 

3.9 

2.62 

1.43 

2.33 

3.5 

2.83 

1 53 ! 

2.44 

3.8 

2.63 

1.37 

2.30 

3 0 ■ 

2.85 

| 1.48 1 

2.51 

3.8 

2 64 

1.42 

2.32 , 

3.0 

2.S6 

1.46 : 

2 43 

3.9 

2.66 

1.33 

2.24 1 

2.9 

2 88 

! 1.48 1 

2.46 

3.7 

2.66 

1 37 

2^30 

3.0 

2.89 

1.52 

2.51 

4.0 

2.69 , 

1 41 j 

2.34 

3.0 

2.90 

, 1.49 

2.47 : 

3.3 

2.70 

1.40 ; 

2.31 

3.4 

2.90 

1 1.55 ! 

2 48 

3.6 

2.70 

1.41 , 

2.35 

3.6 

2.90 

1.59 

2.51 ; 

4.1 

2.70 

1 41 | 

2.38 

3.4 

2.91 

’ 1 49 

2.4S 

3.8 
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Length 
in cm. 

Depth 
in cm. 

Height 
in cm 

Weight 
in gm 

Length 
in cm. 

Depth 
in cm 

Height 
in cm 

Weight 
in gm 

2.92 

1.51 

2.48 

3.S 

3.40 

1.72 

2.92 

6.1 

2.93 

1.54 

2 53 

4.7 

3.40 

1.79 

2.85 

6.1 

2 93 

1.63 

2.58 

4.2 

3.42 

1 SO 

2.91 

5 5 

2 94 

1.45 

2.54 

4.0 

3.44 

1.80 

2.97 

5.7 

2.94 

1.53 j 

2.56 

3.9 

3.44 

1 90 

2.97 

6.3 

2.95 

1.51 ! 

2 50 

3.6 

3.45 

1 7S 

3.04 

7.7 

2 97 

1.54 

2 53 

4.1 

3.45 

1 79 

2.9S 

5 9 

2.98 

1.53 

2.37 

3.3 

3.45 

1.81 

2.S8 

4.9 

2 98 

1.55 

2.51 

4.4 

3.46 

1.S9 

2.90 

5.3 

3.00 

1.4S 

2.55 

4.3 

3 46 

1.97 

2.9S 

7,2 

3.00 

1.56 

2 58 

4.1 

3.47 

1 S4 

2.86 

5.5 

3.00 

1.59 

2.50 

4.0 

3.48 

1 .S3 

2.91 

5.6 

3.01 

1.57 

2.68 

4.S 

3.4S 

1 SI 

2.S7 

5.2 

3.02 

1.52 

2.62 

4.1 

I 3.49 

1.S3 

3.01 

5.6 

3 04 

1.61 

2.62 

4.6 

3.50 

1 84 

3.01 

7.0 

3.05 

1.55 

2.58 

4.6 

3.50 

1.85 

2 99 

6.1 

3. OS 

1.65 

2 69 

5 2 

3.51 

1 82 

2.96 

6.5 

3.09 

1.5S 

2.66 

4.2 

i 3.52 

1.S5 

2.95 

5.S 

3 09 

1.64 

2.61 

4 9 

i 3.52 

2 00 

3.05 

6 S 

3.10 

1.54 

2 60 

3.6 

3.53 

1.85 

2.98 

6.9 

3.10 

1 55 

2.73 

4.7 

3.53 

1.87 

2.97 

6 2 

3.10 

1.65 

2.67 

5.0 

3.53 

1 90 

2.96 

5.S 

3.10 

1.66 

2.70 

4 8 

3.54 

1.S5 

2 96 

5.8 

3.11 

1.63 

2.62 

4.0 

' 3 54 

1.85 

2.96 

5.7 

3.11 

1.67 

2 71 

4.8 

3 54 

1 92 

2.97 

5.8 

3.12 

1.63 

2.61 

4.7 

3.55 

1 82 

3.00 

6 6 

3.13 

1.74 

2.78 

5.0 

' 3.55 

3.88 

3.00 

6 2 

3.14 

1.60 

2.55 

4 3 

3.57 

1.85 

2.95 

5.4 

3.15 

1.59 

2 71 

4.7 

: 3.5S 

1 89 

2.96 

5.0 

3.15 

1.64 

2 66 

4 5 

1 3.60 

1 S3 

3.00 

6 9 

3.16 

1.60 

2 66 

1 4.6 

| 3.60 

1.S3 

3.06 

6.7 

3.18 

1.66 

2 72 

| 4.3 

, 3.60 

1.89 

2.98 

6 S 

3.19 

1.62 

; 2.74 

4.9 

> 3.60 

1.90 

3.06 

6.9 

3.19 

1.62 

! 2.7S 

1 4.7 

| 3.60 

1.93 

2.91 

6.6 

3.20 

1 6S 

! 2.74 

I 4.8 

3.61 

1.81 

2.92 

5.7 

3.21 

1 66 

i 2.79 

' 5.6 

3.61 

| 1 92 

3.05 

| 7.4 

3 22 

1 66 

: 2.67 

| 4 5 

3.61 

| 1 95 

3.05 

7 3 

3 24 

1 71 

! 2.S3 

5.9 

3 62 

1 1.76 

3.02 

7.0 

3.24 

1.84 

| 2.73 

6 0 

! 3 62 

i l.SS 

3.07 

7.1 

3 25 

1.66 

' 2 69 

4.0 

| 3.63 

1.86 

2.97 

6.0 

3.25 

1.73 

i 2.75 

5.3 

, 3 63 

1.90 

3.02 

6.9 

3.25 

; 1.74 

2 63 

4.2 

i 3.63 

1 91 

2.99 

7 5 

3.27 

[ 1.66 

1 2.82 

4.6 

, 3.63 

I 1 95 

3.00 

6.4 

3.29 

; l 74 

1 2.80 

5.0 

3.64 

1.94 

3.11 

7.5 

3 29 

! 1.75 

! 2.76 

5.2 

, 3.66 

1 94 

3.06 

6.1 

3.29 

; 1.76 

i 2.76 

5.0 

3.67 

2 CO 

3.05 

6.0 

3.29 

1 1 85 

2.SI 

5.7 

1 3.68 

1.83 

3.07 

6 3 

3.30 

1 1.66 

2.80 

4.3 

3.70 

1.87 

3.15 

8.0 

3.30 

! 1.74 

2 82 

5.0 

3.70 

1 88 

3.03 

5.9 

3 32 

; 1 65 

2.80 

5.4 

1 3.71 

2.04 

3.04 

7.4 

3.33 

1 1 81 

2.85 

5.5 

. 3.72 

I 1.92 

3.07 

7.6 

3.34 

1.71 

J 2.83 

5.7 

i 3.72 

1.99 

3.17 

6.9 

3.35 

: 1.78 

1 2.86 

4.4 

3.72 

2.05 

3.16 

8.5 

3.35 

! 1.79 

2.84 

4.8 

3.73 

1.97 

3.22 

7.9 

3.36 

1.73 

2.90 

5.4 

3.74 

1.90 

3.05 

6.7 

3.36 

1.78 

2.S2 

4,9 

3.76 

1.92 

3.10 

6.4 

3.37 

1.79 

2.81 

5 6 

3.76 

1.96 

3.12 

7.0 

3.39 

1.72 

2.86 

5.1 

3.77 

2.03 

3.26 

8.3 

3.39 

1.85 

2.91 

6.1 

I 3.77 

1.97 

3.10 

6,9 
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3,78 

1.97 

3 22 1 

S 2 

3.88 

2.20 

3.16 J 

8.2 

3 78 

1.9S 

3 21 

7 0 

1 3 90 

2.04 

3.36 ! 

8.6 

3.7S 

2.07 

3.11 ' 

S.l 

, 3.95 

1.94 

3 25 

7.6 

3. SO 

2.04 

3.12 i 

7.8 

3.95 

2.09 

3.24 

8.2 

3. S3 

2.00 

3.15 , 

G.6 

3.90 

2.10 

3.25 

<8.6 

3. S3 

2.03 , 

3.33 

7.1 

3.90 , 

2.11 | 

3.33 : 

9.8 

3.S3 ! 

2.OS , 

3.20 

S.S 

3.90 i 

2.13 1 

3.26 j 

7.7 

3.S3 

2 09 

3.15 

6 9 

4 00 ! 

2.05 | 

3.20 i 

6 8 

3.85 i 

2.15 i 

3.25 

8.4 , 

4 00 1 

2.17 

3.36 

9 A 


Table 10. Locality H : Tokusima, Tokusima-Ken. 
Collected on Dec. 25, 1932. 


Length 

Depth 

Height 

Weight 

Length 

Depth 

Height 

Weight 

in cm. 

in cm 

in cm 

in gm 

in cm 

in cm. 

in cm 

in gm. 

2 66 

1.37 

2 38 

3.6 

3.56 

1.75 

3 01 

7.0 

2.71 

1.53 

2.35 

3.1 

3.57 

1.83 

2.96 

<8.2 

2.79 

1 49 

2.40 

3.9 

3 57 

1.92 

3.06 

7.3 

2 95 

1.58 

2.48 

4.3 

3.58 

1 81 

3.06 

7.6 

2.99 

1 51 

2.59 

4.5 

3.59 

1.89 

2.99 

7.3 

3 01 

1.48 

2.62 

5.1 

3.60 

1.81 

3.07 

8.6 

3.02 

1.51 

2 58 

1.2 

3.62 

1 1 81 

3.12 

8.6 

3.05 

1.55 

2.62 

5.5 

3 63 

I 1,81 

3.15 

8.5 

3 06 

1.58 

2 59 

4.4 

3.63 

! 1.85 

2.99 

7.2 

3.07 

1.54 

2.52 

4.3 

3.65 

j 1.86 

3.05 

9.1 

5.11 

1.52 

2.70 

5.3 

3.66 

1.82 

3.12 

7.9 

3.13 

1.55 

2.73 

5.5 

3.66 

1.86 

3.16 

8.0 

3.14 

1.61 

2.75 

6.1 

3.67 

1 1.90 

3.24 

8.6 

3.16 

1.65 

2.73 

5 8 

3.69 

1.82 

3.16 

7.8 

3.22 

1.70 

2.87 

6 3 

3.70 

1.80 

3.15 

8.6 

3! 23 

1.62 

2.80 , 

4.9 

3.71 

1 1.88 

3.22 

9.3 

3.23 

1.56 

2.73 

5.3 

3.72 

, 1.95 

3.22 

10.4 

3.23 

1.71 

2.78 

6.0 

3.73 

1.86 

3.21 

6.7 

3.24 

1.64 

2 80 ! 

5.7 

3.74 

1.95 

3.24 

8.4 

3.25 

1.60 

2.81 

5.9 

3.75 

1.84 

3.24 

8 5 

3.25 

1.68 

2.82 

6.3 

3.78 

1 94 

3.24 , 

9.9 

3.26 

1.58 

2.79 

6.1 

3.82 

1.90 

3,25 

8.5 

3.26 

1 62 

2.85 

6. 1 

3,82 

1.93 

3.28 

9.9 

3.27 

1.63 

2.75 

5.6 

3.83 

1.90 

3.30 

7.9 

3.29 

1.66 

2.78 

6.0 

O L'<1 
«> . Of > 

■ 1.93 

3.26 , 

8.4 

3.38 

1.66 

: 2.77 

4.8 

3.85 

1.81 

3 28 

8.1 

3.38 

1 67 

2.92 

6 0 

3.85 

2.00 

3.32 

9.2 

3.41 

1 1.84 

1 3.00 

7.8 

3.86 

2.10 : 

3.30 

9.8 

3.42 

1.65 

2.89 

5.5 

3 87 

1 1 88 

3.22 

7.9 

3.42 

1.67 

2.81 

5 6 

3,87 

1 1.99 

3 .*31 

9.9 

5.42 

1.75 

2.89 

6.3 

3.87 

! 1.95 

3,29 ; 

10.4 

3.45 

1.72 

2.92 

5.9 

3.87 

1.96 

3.29 j 

8.1 

3.46 

> 1.82 

3 ] 06 

8.3 

3.88 

1.96 

3.33 ! 

10.1 

3.50 

1.70 

3 00 

6.3 

3.88 

1.98 

3 36 , 

9.4 

3.50 

1.70 

3.00 

6.5 

3.88 

2.00 1 

3.34 

9.4 

5.50 

1.74 

3.05 

6.4 

■ 3.89 

! 2.00 

8 20 1 

8.7 

3.51 

1.71 1 

3.06 

7.9 

3.90 

1.97 

3.29 

8.8 

3.51 

1.85 

3.03 

7.2 

3 90 

1.94 

3.39 , 

10.3 

3.52 

1.70 ; 

2 99 

5.7 

3.90 

2.00 | 

3.35 

8.2 

5.53 

1.75 

3.05 

6.9 

3.90 

2.00 , 

3.27 1 

9.6 

3.54 

1.80 

3.00 

8.5 

3.91 

2.00 i 

3.40 ; 

9.0 

3.54 j 

1.80 ; 

3.06 

7.8 

3 92 ! 

1.90 , 

3.39 i 

11.2 

3.55 1 

1.60 I 

1 

2.95 

7.2 1 

3.93 

1 95 ! 

3.30 f 

8.0 
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3. 93 

1.98 

3.31 

9.3 

4.21 

2.10 

3.43 

11.6 

a. 94 

2.00 

3.37 

8.0 

4 24 

2.19 

3.58 

10.5 

3.96 

1.95 

3.33 

9.0 

4.27 

2.06 

3.48 

10.6 

3.96 

2.01 

3.40 

8.0 

4.27 

2.14 

3.50 

10.3 

3.96 

2.02 

3.35 

9.2 

4.27 

2.19 

3.62 

11.5 

3.97 

2.02 

3.34 

10.6 

4.2S 

2.09 

3.62 

12.7 

a. 98 

2.00 

3.37 

10.3 

4.2S 

2 23 

3.57 

9.8 

3.99 

1.93 

3.36 

10.4 

4.30 

2! 13 

3.55 

11.4 

3.99 

2 01 

3.45 

10.3 

4.31 

2.20 

3.55 

12 1 

4 00 

2.05 

3.31 

11.5 

4.33 

2 11 

3.59 

11.2 

4 00 

1.96 

3.29 

9.0 

4.34 

2.01 

3.52 

9.0 

4 00 

2.00 

3.46 

10.3 

4.36 

2.11 

3.57 

12 6 

4.03 

2.07 

3.40 

8.6 

4.3S 

2.27 

3.70 

13 2 

4.04 

1.99 

3.34 

10.2 

4.41 

2.29 

3.86 

13 9 

4.05 

2.02 I 

3.23 

8.1 

4 42 

2.20 

3.65 

11.7 

4.08 

2.05 ' 

3.50 

13.0 

4.46 

2 23 

3.84 

14.5 

4.08 

2.09 ' 

3.44 

12.9 

4.46 

2 29 

3.73 

11.5 

4.08 : 

2.09 ; 

3.43 

10.9 

4.52 

2 09 

3.59 

13.6 

4.09 

2.07 1 

3.50 

10.6 

4 52 

2.20 

3.82 

12 9 

4.10 

2.03 | 

3.51 ' 

10.1 

4.53 

2 25 

3.75 

12.7 

4.12 

2.04 

3.48 

10.5 

4.62 

| 2.31 

I 3.67 

13.5 

4 13 

2.05 1 

3.42 

11.6 

4.64 

i 2.20 

i 3.83 

1 14.1 

4.14 

2.15 ; 

3 51 

10.4 

4.65 

, 2 39 

3.86 

15.1 

4.10 

2.10 1 

3.50 

11.8 

4.71 

, 2.27 

! 3.94 

15.3 

4.17 

2.08 j 

3.54 

12.7 

4.86 

2.43 

1 3.93 

1 14 3 

4.19 

2.23 | 

3.56 

33.2 

5.00 

2*4S 

; 4.11 

17 9 

4.20 

2.02 i 

3.53 

11 6 

5.08 

2.61 

’ 4.15 

20 7 

4.20 

2 . os ; 

3.51 

10.3 






Table 11. Locality I: Ozi-Mura, Yamaguti-Ken. 
Collected on July 11, 1932. 


Length 
in cm. 

Depth 
in cm. 

Height 
in cm 

Weight 
in gm. 

Length 
in cm. 

Depth 
m cm 

Height 
in cm. 

Weight 
in gm. 

2.36 

1.20 

2.05 

2.1 

3.27 

1.72 

3.79 

5 4 

2 50 

1.35 

2.21 

2.6 

3.27 

1.75 

2.78 

5.3 

2.50 

1.39 

2.19 

2.9 

3.31 

1.71 

2.84 

5,0 

2.71 

1.38 

2.38 

3.3 

3.33 

1.65 

2.86 

5.8 

2.71 

1.47 

2.35 

3.4 

3.36 

1.83 

2.89 

6.2 

2.77 

1.44 

2.35 

3.4 

3.40 

1.79 

2.90 

6.0 

2.80 

1.41 

2.44 

3.6 

3.45 

1.86 

2.93 

6.3 

2.91 

1.63 

2.51 

4.4 

3.46 

1.71 

2.92 

5.5 

2.94 

1.50 

2.52 

3.5 

3.47 

1.82 

3.99 

6.6 

2.95 

1.55 

2.56 

4.5 

3.4S 

1.78 

2.S9 

6.4 

3.00 ! 

1.50 

2.55 

4.0 

3.4S 

1.81 

3.01 

5.1 

3.00 ! 

1.5S 

2.63 

4.7 

3.49 

1.78 

2.9S 

6.5 

3.00 

1.54 

2.63 ! 

4.3 , 

3.52 

1.82 

! 3.04 

6 8 

3.02 

1.59 

2.60 

1 4.1 

3.52 

1.92 

1 3.08 

7.6 

3.04 

1.64 i 

2.70 

5.0 

3.53 

j 1.79 

3.12 

6.7 

3.07 : 

1.68 

2.67 

5.1 1 

3.58 

1.96 

3.11 

7.5 

3.09 i 

1.61 

[ 2.65 

1 4.5 

3.61 

! 1.91 

j 2.95 

; 6.7 

3.09 

1.62 | 

| 2.66 

; 4.6 

3.85 

1.96 

I 3.21 

, 6,8 

3.10 i 

1.65 

2.75 

4.9 

3.94 

2.11 

3.32 

' 9 7 

3.16 

1.70 

1 2.69 

j 5.4 

4.0S 

2.12 

3.36 

; 9.0 

3.17 

1.66 

| 2.69 

5.1 

4.16 

2.*1S 

3.48 

9.9 

3.19 

1.78 

2.SQ j 

6.2 : 

4.37 

2.10 I 

3.57 

8.8 

3.20 

1.61 

| 2.73 ; 

| 5.4 

4.42 ! 

2.30 

3.72 

11.5 

3.25 

1.85 

1 2.79 

1 6.0 :i 

4.43 

2.34 | 

3.68 

10.5 
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4.52 

2.24 

l 3.87 

■ 12.0 

4.93 

2.56 

4.16 

15.0 

4.57 

1 2.25 

j 3.83 

! 11.7 

5.06 

2.67 

4.20 

15.5 

4.60 

! 2 27 

| 3.64 

| 10.2 

5.15 

2.51 

1.19 

15.3 

4.64 

2 43 

1 3.92 ; 

33.1 

5.20 

2.73 

4 53 

18.9 

4 63 

2.46 

! 3.82 ! 

14.0 

5.37 

2.85 

4.54 

20 4 

4.70 I 

2.36 

3 79 i 

12.3 

!, 5 44 

2 76 

4.40 

19.2 

4.71 

2 49 

3.90 

13.4 l 

5 81 

2.91 

4 74 

22.4 

4.72 ! 

2 47 

3.97 

i3.3 ; 

, 5.90 

2.93 

4 79 

26.9 

4.74 ! 

2.55 

3.85 | 

14.1 

5 93 

3 06 

4 87 

24.1 

4 79 ! 

2.47 ; 

3 91 J 

13.7 : 

■ 6.00 

3.21 

4.89 # 

28.5 

4 so : 

2.25 1 

3.88 , 

12.4 

6 26 

3.12 

5.14 

25.4 

4.81 

2 44 1 

3.92 | 

12.1 : 

, 6 43 

3.37 

5.29 

30.9 

4 85 , 

2.4S j 

4.01 i 

14 2 

1 6.45 

3.38 

5.27 

36.5 

4 87 ; 

2 41 | 

3.98 ! 

13.5 

6 51 

3.37 

5 12 

31.8 

4.87 i 

2.47 

4.07 

12.8 

i 6.55 

3 42 

5.46 

37.8 

4 92 

2.50 ! 

3.98 | 

14.5 

■ 7.70 

4.13 

6.27 

62.1 

4.92 ' 

2.49 

3.78 ! 

13.1 

! 7.73 

3.92 

6.32 

48.5 


Table 12. Locality J : Kawagoe-Mura, Miye-Ken. 
Collected on Sept 29, 1932. 


Length 

Depth 

Height 

Weight 


Length 

Depth 

Height 

Weight 

In cm. 

, in cm 

in cm. 

in gm 


in cm 

in cm 

in cm 

I in gm. 

O 1 O 

-J . 

1.04 

181 

1.6 


2.82 

1.49 

2.34 

! 3 3 

2 22 

1.0S 

1.S6 

1.9 


2.87 

1 45 

2.24 

1 3.7 

2.33 

1.17 

1.91 

1.9 


2.89 

1.43 

2.39 

3.5 

3 37 

1.21 

1.98 

o o 


2.91 

1.43 

2. JO 

| 2 9 

2.38 

1.15 

2.00 

2.2 


2.96 

1.51 

2.37 

3.3 

2.40 

! 1.25 

2.00 

2.2 


2.97 

1 55 

2.40 

3.6 

2.42 

1 1.21 

2 01 

2.3 


2.98 

1 44 

2.43 

3.4 

2.43 

1.20 

1 99 

f) o 


3.01 

1.46 

2.44 

3.6 

2.45 

1.23 

2 16 

2 7 


3.01 

1.49 

2.42 

3.5 

2.45 

1.34 

2.10 

2.4 


3.03 

1 60 

2.55 

4.2 

3.47 

1.20 

3 10 

2.7 


3.05 

1.54 

2 60 

4.8 

2.47 

1.22 

2.04 

2 2 


3.09 

1.52 

2.55 

4.6 

2.48 

1.23 

2.07 

2.5 


3.10 

1.60 

2.55 

4.3 

2 48 

1.25 

2.05 

2.7 


3.11 

1.56 

2.59 

4.0 

2.50 

1.25 

3.08 

2.5 


3.11 

1.64 

2.51 

4.3 

2.53 

1.31 

3.19 

2.9 


3.12 

1 54 

2,53 

4.1 

2.56 

1 1.31 

; 2.31 

2 9 


3.13 

! 1.49 

! 2 53 

1 3.7 

2.58 

; 1.31 

2.10 

2.7 


3.15 

1 1.56 

2,60 

! 4.4 

2.61 

1.31 

■ 2.20 

2.8 


3.16 

1.62 

2,61 

j 4 3 

2.63 

, 1.32 

2.19 

2.9 


3 17 

1.61 

I 2,56 

4.1 

2.65 

1.37 

2.27 

3h4 


3 17 

1 1.70 

! 2.59 

4.7 

2 65 

1.29 

2!s0 

3.0 


3.18 

1.62 

2.62 

4.1 

2 66 

1.28 

2.21 

2.3 


3.21 

1 63 

2.57 

4.4 

2 67 

1.34 

2.23 

2‘.6 

[ 

3.23 

! 1.56 

2.62 

| 4.8 

2.71 

1.32 

2 30 

3.1 

!i 

3.23 

1.66 

2.60 

1 4.3 

2 71 

1.34 

2.27 

3.0 


3.24 

1 58 

2.73 

4.7 

2 75 

1.47 

2.32 

3.3 


3.24 

1.59 

2.58 

4.2 

2.76 

1.36 

2.29 

3.0 ! 


3.24 1 

1.61 

2 63 S 

4.8 

2.76 

1.46 

■ 2.31 

3 4 


3.29 j 

1 67 

2.68 

4 8 

2 77 

, 1 40 

, 2.28 : 

3.4 


3.30 

1.61 1 

2.71 ! 

4.3 

2^78 

1 36 

: 2.33 

3.3 j 


3.30 

1.59 

2.66 j 

[ 5.3 

2.80 

1 39 

2.28 

2.9 | 


3.30 

1.71 | 

2.71 

4.9 

2.80 

1.41 

2.33 

3 2 


3.30 

1.71 

2.76 

4.4 

2.81 

1.44 

2.21 , 

2.4 j 


3.31 ; 

1.69 j 

2.76 

5.1 

2.82 

| 1.41 

2.32 1 

2.9 ! 


3.32 

1.60 | 

2.60 

4.4 
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Length 
in cm 

Depth 
m cm 

Height 
in cm. 

Weight 
in gm. 

Length 
in cm 

Depth 
in cm 

Height 
in cm 

Weight 
in gm 

3.33 

1.72 

2.77 

4.8 

3 . 8 I : 

1.94 1 

3.11 ! 

6.2 

3 34 

1.76 

2.70 

5 0 

3.81 ! 

1.94 1 

3 09 j 

6.8 

3.35 

1.63 

2.6S 

4.4 

3 S2 

1.90 

3.02 

7 2 

3.35 

1.70 

2.71 

4.1 

*> 00 ! 

< > . Ot> 

1.93 

3.00 

6.3 

3.3S 

1 67 

2.72 

4.6 

3.83 | 

1.79 

3.05 

6.4 

3.38 

1.71 

2.80 

5 5 

3 83 

2.03 

3.18 

7.9 

3.40 

1 73 

2.76 

5.1 

3.81 

1.88 1 

3.10 

6 5 

3.40 

1 .75 

2.84 

5.5 

3.84 

1.90 

3.10 

6 4 

3.41 

1.67 

2.75 

4.7 

3.86 

1.91 

O -| O 
tJ • Xjj 

6.9 

3.4 2 

1.75 

2.77 

4 8 1 

3 86 1 

1.90 . 

3 . 0 s 

6.4 

3 42 

1.76 

2.76 

5.5 

3.87 

1 95 

3.00 

6.0 

3 46 

1.78 

2.SS 

5.2 

3.S7 

1.99 

3 10 . 

7 5 

3.47 

1.76 

2.7S 

4.7 

3.S8 

1.94 

3.05 1 

6 9 

3.48 

1.73 

2.85 

5.6 

3 . 8 S 

1.93 

3.10 1 

7.2 

3.48 

1.76 

2.86 

5 2 

3.90 

1.93 

3.13 

6.9 

3.48 

1.79 

2.86 

5.3 ! 3 92 

1.97 

3 15 

8.0 

3.49 

1.70 

2.80 

4.5 

3 91 

1.96 

3 09 

7 0 

3.49 

1 85 

2.81 

5 4 

3.94 

1.93 

3.14 ; 

6.7 

3.50 

1.82 

2.79 

6.1 

3.95 

2.01 

3.17 

7.4 

3.51 

1 71 

2.89 

5.4 

3.9S 

1.99 

3.20 

7.1 

3 52 

1.84 

2.84 

5 1 

3.99 

2.00 

3.08 

6.4 

3.52 

1.S2 

2.84 

5 2 

3 99 

2.06 

3.18 

7.0 

3.53 

1.83 

2.85 

5 3 

4 01 

2.02 

3.19 

7.7 

3 54 

1.71 

2.84 

5.3 

4.C0 

2.10 

3 27 

7.4 

3.55 

1.77 

2.90 

6.3 

; 4.09 

2.13 

3 19 

8.3 

3.56 

1.87 

2.85 

5.9 

111 

2 01 

3 27 

6.5 

3.57 

1.74 

2 83 

5 7 

, 4.11 

2.08 

3 28 

8.4 

3.57 

i 1.78 

' 2.S6 

6.1 

4 12 

2.02 1 

3.15 

7.0 

3.57 

| 1.80 

' 2 S7 

5 4 

4 16 

2.06 

3.30 

8 1 

3.58 

1.85 

; 2.90 

5.5 

■ 4.19 

2.14 

3.48 

9.9 

3.58 

I 1.78 

2 90 

5.8 

4.19 

2 27 

3 45 

9.1 

3.59 

! 1.71 

1 2.87 

5.5 

4.38 

2 ! 20 

3.53 

9 8 

3.59 

1.75 

2.88 

5 2 

4.39 

2.19 

3.53 

8.8 

3.60 

j 1.85 

! 2.99 

575 

1 4 49 

| 2.19 

3.62 

9 8 

3.60 

1.76 

2 91 

5.2 

4 50 

! 2.25 

3.47 | 

9 9 

3.61 

1 1.81 

; 2.90 

5.2 

' 4.53 

! 2.2S 

3.59 

10.2 

3.61 

! 1.83 

2.85 

6.3 

4 59 

1 2.27 

3.60 i 

10.1 

3.62 

! 1.85 

2.93 

6.0 

4.59 

1 241 

3.66 

11 2 

3.65 

j 1.76 

2.93 

6.1 

4.68 

i 2.36 

| 3.70 

11.5 

3.66 

| 1.81 

3.01 

5.5 

4.70 

1 2.44 

3 70 

11.2 

3.67 

! 1.85 

1 2.97 

1 5.9 

4.73 

! 2.31 

: 3.71 

10.S 

3.67 

! 1 87 

2.98 

6.1 

4 76 

2.45 

! 3.78 

12.0 

3.69 

1.80 

i 3.06 

6 3 

4 S5 

2.45 

, 3.S4 

13 8 

3.70 

1 1.94 

' 2.94 

1 5.9 

4.89 

2.36 

3.90 1 

11.4 

3.70 

! 1.82 

2.98 

: 6.0 

, 4.89 

1 2.45 

3.85 

11.6 

3.71 

! 1.83 

2.92 

1 5.7 

4.90 

! 2.41 

1 3.85 

12.8 

3.71 

1 1.91 

3 ! 01 

1 6.7 

4 96 

2.37 

1 3.95 

12 2 

3.71 

1 1.87 

2.95 

6 2 

i 5.01 

; 2.49 

' 3.90 ; 

14.1 

*>• / 1> 

! 1.79 

; 2.95 

! 6.0 

5.13 

1 3.59 

; 4 01 ! 

13.2 

3.75 

' 1.85 

, 2.94 

j 5.6 

, 5.17 

3.60 

4.07 ; 

16.2 

3.76 

1.84 

3.03 

! 5.7 

; 5.23 

2 54 

; 4.06 ! 

13.9 

3.77 

; i.96 

I 3.04 

1 6.5 

1 0 .37 

1 2.68 

; 4.10 1 

17.0 

3.78 

1.94 

! 3.07 

! 6.1 

| 5.54 

2.79 

| 4.36 

18.7 

3.79 

, 1.89 

: 2.99 

I 6.1 

5.57 

2.76 

1 4.31 

19 6 

3.80 

i 1.86 

1 2.94 

6.2 

5.59 

| 2.83 

j 4.30 

19.9 

3.81 

i 1.81 

I 3.07 

1 5.9 


i 

1 , 
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I. HAMAI 


Table 13* Locality K: Kankawa, Tiba-Ken. 
Collected on Sept. 30, 1932. 


Length 

Depth 

Height 

Weight 

Length 

Depth 

1 Feight 

Weight 

in cm 

in 

cm 

in cm 

m gm 

in cm 

in cm 

in cm 

in gm. 

1.4S 

0. 

70 

1.22 

0 5 

2.52 

1.22 

2.09 

2.0 

1.60 

0. 

72 

1.34 

0.6 ' 

2.52 

1.23 

2.07 

2.0 

1.78 

0 

SO 

1.30 

0.S j 

2.53 

1.16 

2.09 

2.1 

1.82 

0 

83 

1.53 

0.8 I 

2 51 

1.18 

2.11 

2.0 

1.S8 

0. 

86 

1.52 

0.9 

2 51 

1.20 

2.12 

o o 

1 93 

0. 

87 

1.63 

1.0 

2.55 

1.11 

t> 

2.0 

1.06 

0. 

91 

1.67 

1.1 

2.55 

1.19 

2.05 

2.0 

2 00 

0. 

94 

1.67 

1.1 

2.56 

1.17 

2.17 

2 1 

2 15 

1. 

00 

1 82 

1 ! 

2.57 

1.22 

2.08 

2.1 

2 10 

1. 

00 

1.79 

1.4 

2 57 

1.13 

2 09 

2,1 

2 19 

0. 

95 

1.78 

1 2 ! 

2.58 

i o*> 

I 0*Ji> 

2.14 

2.2 

2.20 

0. 

96 

1.79 

1 2 

2.58 

1.27 

2.11 

2.8 

2.20 

1. 

01 

1.83 

1.3 j 

2.60 

1.17 

2.14 

2.0 

2.20 

1 

01 

1.85 

1 3 i 

2.62 

1.25 

2.18 

1.9 

2.21 

1 

06 

1.88 

1.4 | 

2.68 

1.21 

2.14 

*> 

2.21 

1 

05 

1.87 

1.6 1 

2.04 

i.20 

2.12 

2.0 

2.24 

1. 

05 

1.79 

1.3 ! 

2.64 

1.28 

2.11 

2 2 

2 . °5 

1. 

01 

1.8 4 

1.4 i 

2 (57 

1.24 

2.15 

2 0 

2.25 

1. 

06 

1.91 

1 6 

2 OS 

1.28 

2.17 

2.4 

2.26 

1 

or 

2.00 

1.6 ! 

2.68 

1.20 

2.20 

2.0 

2.26 

1. 

03 

1.97 

.1.5 i 

2 68 

3.23 

2.11 

2.0 

2.28 

1 

02 

1.93 

1.2 | 

2.70 

1.24 

k) >)t) 

2.0 

2 29 

1. 

05 

1.93 

1 4 

2.70 

1.23 

2 14 

2.2 

2.29 

1. 

OS 

1.85 

1.6 

2.70 

1.35 

2.22 

2,6 

2 30 

1. 

07 

1.91 

1.5 1 

2.74 

1 37 

o oo 

Jj • -uo 

2.8 

2.32 

1. 

02 

1.93 

1.6 i 

2.76 

1.83 

2.20 

2.6 

2.34 

1 

10 

! 1.96 

1.7 | 

i 2.76 

1.29 

2.80 

2.6 

2.31 

1. 

13 

! 1.96 

1.8 : 

2.78 

1.21 

O Ol 

Jj. J-l 1 

2.3 

2.35 

! i 

09 

j 1.95 

1.7 ! 

2.79 

1.80 

2.‘" > 5 

2.9 

2.35 

t l. 

,07 

. 1.93 

1.5 ' 

2.80 

1,27 . 

o oi- 

4J 4 *JrJ 

2.5 

2.35 

, i. 

.09 

! 1.96 

1.5 ' 

2.81 

1.29 

2.25 

2.5 

2.36 

i. 

.10 

! 1.93 

1.7 1 

2.81 

1,83 

| 2.26 

; 2.6 

2.36 

i i- 

.14 

2.04 

1 9 1 

1 2.84 

1.30 

1 2 81 

2.7 

2.36 

! i. 

.10 

' 1.97 

| 1*5 ! 

2.85 

1.27 

2.29 

2.7 

2 36 

; i 

.14 

1.95 

1.5 

| 2.85 

1.35 

2 . a 

3,2 

2.38 

1 1 

.14 

! 1.91 

1.6 1 

2.88 

1.82 

2.30 

2.8 

2.39 


.12 

t 2.00 

j 1.6 ! 

j 2.89 

1.38 

2.81 

2.9 

2.40 

l, 

.10 

; 1.95 

1.9 1 

! 2.90 

1.37 

2.87 

3.0 

2.41 

i 

.14 

1 1.99 

I i.9 ; 

j 2.91 

1.42 

2 42 

8.2 

2.41 

i i 

.07 

! 1 93 

' 1.6 ' 

! 2.92 

1.88 

2.86 

2.8 

2.43 

; i 

.13 

| 1.97 

1.7 

I 2.96 

1.37 

2. M 

8,1 

2.45 

- l 

.12 

| 2.01 

1.9 j 

! 2.96 

1.88 

2 85 

8.4 

2.46 

! 1 

.18 

1 2.03 

1.8 | 

1 2.97 

1.42 

2.38 

2.8 

2.47 

; i 

.12 

. 2.03 * 

1.7 1 

! 3.00 

1.83 

2.25 

2.5 

2.48 

i i 

.12 

1 1.96 

1.7 | 

3.00 

1.45 

2.45 

8.6 

2.49 

i 

.20 

! 2.04 

1.9 f 

3.00 

1.88 

2.40 

2.7 

2.49 

f i 

.14 

! 1.99 

1.8 ] 

3.01 

1.44 

2.49 

3.4 

2.50 

i 

.13 

! 2.03 

1 7 

3.03 

1.39 

2.45 

3.2 

2 50 

■ i 

.15 

1 2 JO 

1.9 ! 

3.04 

1.40 

2.45 

3.4 

2.51 

! i 

.15 

| 2.10 

1.9 ! 

3.04 

1.41 

2.46 

3.4 

2.51 

i 

.21 

2.06 

2.0 

I 3.05 

1.36 

2.48 

3.0 

2.51 

i 

.20 

2.01 

1.9 , 

| 3.05 

1.46 

2.44 

8.0 

2.51 

; i' 

.25 

2.07 

2.1 

3.06 

1.46 

2.53 

8.2 

2.51 

! l. 

.21 

1 2.11 

2 1 

j 3.07 

1.54 

2.58 

3.7 

2,52 

; i, 

.13 

1 2.10 

i 

1 8 

!; 3.09 

1.43 

2.59 

3.4 
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Length 
in cm. 

Depth 
in cm. 

Height 
in cm 

Weight 
in gm. 

Length 
in cm. 

Depth 
in cm. 

Height 
in cm 

Weight 
in gm 

3.10 

1.14 

2 52 

3.3 

3.46 

1.57 

2.67 

4.3 

5.11 

1.47 

2.46 

3.6 

3.46 

1 57 

2 79 

4.4 

3.13 

1.50 

2.50 

3.2 

I 3.47 

1.69 

2.82 

4.9 

3.14 

1.44 

2.51 

3.2 

3.47 

1 66 

2.79 

4.7 

3.16 

1.50 

2.50 

3.6 

3.47 

1.74 

2 S9 

5.2 

3.17 

1.50 

2.56 

3.7 

3.48 

1.80 

2.89 

4.3 

3.18 

1.48 

2.51 

3.2 

! 3 AS 

1.65 

2.82 

4.7 

3.18 

1.51 

2 63 

3.S 

3.48 

1.78 

2.77 

4.9 

3.IS 

1.40 

2.59 

3.3 

3.4S 

1.65 

2.77 

5.3 

3. IS 

1 59 

2.56 

3.S 

3 49 

1.60 

2.75 

4.9 

3.19 

1.51 

2.57 

3.S 

3.49 

1.60 

2,79 

4.5 

3.19 

1.48 

2.5S 

3.4 

: 3.49 

1.64 

2.SI 

4.8 

3.19 

1.49 

2 58 

3.4 

1 3.49 

1.57 

2 78 

4.4 

3.20 

1.48 

2.59 

3.7 

. 3.50 

1.67 

2.76 

4.4 

3.21 

1.50 

2.59 

4.1 

, 3.50 

1.69 

2.82 

5.1 

3.21 

1.47 

2.5S 

3.4 

1 3.50 

1.57 

2 81 

4.2 

O 
t> . 

1.49 

2.57 

3.4 

3.50 

1 59 

2.83 

5.0 

3.24 

1.51 

2.67 

3.7 

1 3.50 

1.65 

2.85 

4.8 

3 25 

1.55 

2.64 

4.3 

3.50 

1 66 

2.83 

4 9 

3.25 

1.50 

2.59 

3.7 

1 3.51 

1 61 

2.SO 

4.8 

3.25 

1.56 

2.55 

3.8 

, 3.51 

1.65 

2.80 

4.4 

3.25 

1.51 

2.5S 

3.7 

; 3.52 

1.68 

2.80 

4.7 

3.25 

1.58 

2.65 

4.2 

3.53 

1.60 

2.86 

4.9 

3.27 

1.50 

2.6S 

3.7 

' 3.53 

1.66 

2.82 

4.7 

O C f Q 
i> . .uo 

1.50 

2.69 

4.1 

i 3.53 

1.65 

2.89 

4 6 

3.28 

1.55 

2.59 

4.0 

3.54 

1 66 

2.82 

4.5 

3 29 

1.56 

2.66 

4.3 

3.54 

1.63 

2.84 

4 6 

3 29 

1.56 

2.70 

4.5 

3.54 

1.6S 

2.89 

4.S 

3.30 

1.4S 

2.59 i 

3.6 

3.55 

1 70 i 

2.SS 

4.7 

3.30 

1.55 

2.60 

3.8 

i 3.55 ! 

| 1.74 

, 2.83 

5.3 

3.31 ! 

1.60 1 

2.66 | 

4.1 

! 3.58 

1 1.78 

2.36 

5.3 

3.32 i 

1.65 1 

2.70 . 

4.5 

3.5S 

1 1 63 

1 2.90 

4.7 

3.32 

1.57 ; 

2.73 i 

4.3 

3.59 

1.65 

2.86 

4 7 

3.33 

1.56 

2.66 I 

4.1 

3.59 

! 1.72 

| 2.81 

5.1 

o o> 

1.59 

2.66 

4.3 

i 3.59 

i 1.76 

! 2.88 

5.6 

3.34 

1.51 

2.66 

3.7 

3.60 

i 1.67 

! 2.75 

5.1 

3.34 

1.62 

2 72 

4.4 

3.60 

1.73 

1 2.8S 

5.3 

3.35 

; 1.55 

1 2^70 

3.9 

3.60 

1 1.G9 

1 2.82 

4.S 

3.35 

t 1.52 

| 2.72 

| 3.8 

3.61 

| 1 68 

! 2.95 

5.4 

3.35 

1 1.49 

i 2.*70 

i 3.8 

■ 3.63 

1.77 

; 2.83 

4.9 

3.35 

! 1.55 

2.63 

I 4.0 

3.63 

| 1.71 

2.8S 

5.2 

3.35 

i 1.54 

2.70 

; 4.0 

' 3.63 

i 1.80 

2.84 

! 5 6 

3.36 

; 1.61 

! 2.68 

[ 4.4 

3.64 

' 1.82 

2.99 

5.7 

3.37 

! 1.56 

; 2.75 

t 4.2 

!; 3.65 

i 1.71 

2.91 

| 5.3 

3.37 

, 1.60 

2.67 

4.4 

i, 3.65 

■ 1.71 

1 2.99 

] 5.2 

3.3S 

1 1.61 

| 2.72 

4.8 

! , 3.65 

1.80 

2.86 

5.5 

3 38 

| 1.54 

! 2.65 

' 3.S 

3.65 

; i.75 

3.03 

5.7 

3.38 

1.55 

1 2.69 

4.1 

3.66 

1.63 

2.89 

5.0 

3.38 

1,53 

' 2.75 

! 4.2 

I 1 3.66 

1.73 

2.89 

5.2 

3.39 

1.59 

2.75 

! 4.5 

| 3.67 

r a. 82 

| 2.99 

6.2 

3.40 

1.63 

2.81 

: 4.7 

|: 3.68 

! 1.68 

- 2.97 

5.0 

3.40 

1.56 

2.77 

| 4.2 

ll 3.68 

, 1.67 

2.91 

5.1 

3.41 

1.65 

2.83 

I 4.5 

j! 3.69 

1.70 

2.87 

4.4 

3.41 

1.66 

2.79 

! 4.6 

!| 3.69 

, 1.80 

3.01 

5.6 

3.42 

i 1.63 

2.71 

j 4.1 

3.70 

1.80 

3.00 

5.7 

3.42 

' 1.56 

! 2.78 

4.3 

3.70 

1 1.83 

3.03 

5.7 

3.42 

1.67 

, 2.79 

i 4.7 

3.71 

1.80 

2.94 

5 6 

3.44 

1 1.55 

2.75 

! 4.7 

3.72 

1.77 

2.93 

! 5,0 

3.45 

i 1 6S 

2.68 

4.6 

| 3.72 

1.73 

! 2.95 

! 5.0 


« lO N O « o H ^5 b 









154 I. HAMAI 


a. 72 

1.81 

3.01 

5.8 

3.91 

1 75 

3 09 

6 7 

5> 7; > 

1.68 

2.95 

5 5 

3.91 

1 80 

3 14 

6.1 

a. 7a 

1.80 

2.96 

5 7 

3.92 

1 85 

3.10 

6.4 

a.74 

1 84 

3 09 

6 6 

3.93 

1.93 

3.09 

6 9 

a .74 

1.79 

2.99 

5 5 


1 85 

3.04 

6.1 

3.75 

1.78 

2.87 

5 5 

3.95 

1.90 

3.12 

6.7 

3.75 

1 75 

2.88 

5.5 

4.02 

2.01 

3.27 

7.6 

3.76 

1.72 

2.99 

5.6 

4.o:i 

2.01 

3 21 

7.3 

3.76 

1.74 

3.01 

5.5 

4.04 

1 82 

3.17 

6.1 

a 78 

1.79 

3.04 

5.8 

4.12 

1.93 

3 23 

6.5 

3.79 

1.75 

3.00 

5.4 

4.16 

1.99 

3.33 

8.1 

a so 

1.82 

2.97 

5.6 

4.19 

1.99 

3.32 

8.0 

a.so 

1.S0 

3.06 

5.8 

4.41 

2.OS 

3.57 

8.3 

3.81 i 

1.85 

3.00 

5.5 

| 4.47 

2.04 

3.41 

9.1 

3.81 

1.82 

3.04 

5.9 

| 4.52 

2.15 

3.59 

8.7 

3.82 

1.74 

3.06 

5 4 

4.76 

2.24 

3.60 

10.2 

3.83 

1.70 

2.99 

5 5 

4.84 

2.34 

3.80 

10.3 

3.85 

1.76 

3.01 

6.0 

! 4.86 

2.21 

3.72 

10.4 

3.86 

1.77 

3.04 

6.1 

I 5.05 

2*.40 

3.92 

12.5 

3.86 

I 1.80 

3.OS 

6.5 

1 6.32 

2.47 

1.10 

14.9 

3.90 

; 1.8S 

3.13 

6.6 

5.17 

2.57 

4 15 

15.3 

3.90 

! 1.90 

3.17 

6.7 

1 5.56 

2.53 

4.01 

15.9 

3.90 

1.91 

3 12 

5.9 

|l 5.95 

2.61 

4.51 

19.1 


Table 14. Locality L : Hattori-Mura, Tottori-Ken. 
Collected on Oct. 3, 1932. 


Length 

Depth ! 

Height 

Weight 

Length 

Depth 

! Height 

Weight 

in cm 

in cm. 

in cm 

in gm. 

in cm 

in cm 

■ in (m 

in gm 

5.80 

1 2.82 

4.60 

30.9 

7.27 

3 12 

! 5.72 

! 63.i 

5.81 

2.53 

i 4.45 

28.3 

7.28 1 

3.49 

5.73 

63.3 

6.36 

2.96 

4.84 

38.7 

. 7.29 : 

3.45 

5.70 

’ 60.2 

6.45 

3.08 

4 98 

39.0 : 

7.29 1 

3.33 

1 5.64 

I 59.2 

6 50 

3.01 

5.13 

43.2 , 

7.32 ' 

3.10 

5.48 

1 50.3 

6.67 

3.01 

5.20 

4S.4 I 

7.33 

3.52 

1 5.73 

I 63.5 

6.84 

3.04 

5.23 

44.8 

7.37 ; 

3 39 

j 5.62 

! 60.1 

6.89 

3.27 

5.34 

48.5 | 

7.40 : 

3.33 

: 5.76 

63.4 

6.93 

3.10 

5.38 

52.8 

7.43 1 

3 41 

! 5.93 

1 63.2 

7.07 

3,06 

5.34 

47.8 1 

7.41 , 

3.43 

1 5.69 

! 62,3 

7.OS 

3.30 

5.50 

53.2 

7.47 

3 51 

, 5.75 

65.7 

7.09 

3.18 

5.29 

51.3 

7.52 j 

3,33 

, 5.71 

61.5 

7.10 

3.24 

5,37 

52.0 

1 7.55 : 

3,46 

, 5.75 

66.8 

7.22 

3.48 

5.65 

1 60.9 

. 7.67 ! 

3.60 

5.81 

t 71.1 

7.24 

3.24 

5.58 

| 59.9 

7.69 | 

3 48 

5.70 

66.3 


Table 15. Locality M: Matukawa-Ura, Hukusima-Ken. 
Collected on Sept. 2, 1933. 


Length 
in cm. 

Depth 
in cm. 

Height 
in cm. 

Weight 
m gm. 

Length , 
in cm. 

Depth 
in cm 

! Height 
in cm. 

j Weight 
| in gm. 

0.52 ! 

0.24 

0.46 


0.78 

0.35 

0.69 


’ 0.70 

0.33 

, 0.61 


0.79 

| 0.38 

J 0.68 

; 

0.74 | 

0.35 

0.65 

| 

0.80 

0.37 

, 0.69 

i 

0.78 i 

0.36 

0.68 

i 4 

; 0.80 

i 0.38 

I 0.72 

t 
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Length i 
in cm 

Depth 
in cm. 

Height 
in cm 

Weight 
in gm 

Length 
in cm. 1 

Depth 
in cm 

Height 
in cm 

Weight 
in gm. 

0.82 1 

0.38 

0.70 


1 33 

0.61 , 

1.13 


0.84 ; 

0.38 

0.71 


1.34 

0.58 

1.15 


0.84 

0.39 

0.70 


1.34 : 

0.62 

1.12 


0.S4 

0.40 

0.72 


1.34 ! 

0.62 

1.17 


0 85 

0.39 

0.72 


1.35 

0.60 i 

1.16 


0.85 1 

0 40 

0.75 


1 35 

0.61 

1.14 


0.86 

0.41 

0 75 


1.35 : 

0.61 

1.16 


0.S6 

0.41 

0.75 


1.37 

0.65 

1.18 


0.88 

0.40 

0.73 


1.38 

0.61 

1.15 


0.90 

0.41 

0.77 

, 

1.40 

0.64 

1.20 


0.90 

0.43 

0.78 


1.42 

0.62 

1.19 


0.91 

0.40 

0.79 


1.45 

0.67 

1.23 

1 

0.91 

0.41 

0.79 


1.46 

0.72 

1.27 

' 

0.91 

0.43 

0.77 


1.4S • 

0.67 

1.26 

; 

0.92 

0.43 

0.78 


1.50 ! 

0.71 

1.27 


0.92 

0.44 

0.81 


; i.5i 1 

0.69 1 

1.29 


0.93 

0.44 

0.80 


1.53 

0.72 , 

1.28 

' 

0.93 

0.45 

0.82 


! 1.55 

0.70 

1.32 


0.94 

0.43 

0.80 


i.55 ; 

0.70 ! 

1.35 

! 

0.98 

0.42 

0.81 


| 1.56 , 

0.72 ! 

1.31 

1 

0.99 

0 43 

0.S1 


i 1.57 

0.73 

1.36 

: 0 8 

0.99 

0.44 

0.86 

i 

! 1.70 

0.87 ! 

1.51 

1.1 

1.00 

0.45 

0.84 


1 1.71 

0.78 ! 

1.42 

0.9 

1.00 

0.46 

0.87 


; 1.75 

O.SS 

1.56 

; x i 

1.01 

0.45 

0.86 


1.79 

0.86 

1.57 

i.i 

1.05 

0.49 

0.91 


| 1.86 

0 86 

1.59 

1.2 

1.07 

0.47 

0.95 


1.88 

O.SS 

1.63 

i 1.3 

1.08 

0.48 

0.92 


i 1.8S 

0.91 

1.68 

1.3 

1.0S 

0.49 

0.91 


1.93 ! 

0.91 1 

1.66 

1.5 

1 OS 

0 49 

0.94 


1 1.94 

0.86 

1.67 

1.3 

1.10 

0.50 

0.94 


1 1.97 

0.89 

1.71 

1.4 

1 10 

0 51 

0.95 


1.97 i 

0.93 

1.69 

1.4 

1.10 

0.51 

, 0.95 


, 2.00 i 

0.92 

1.71 

1.5 

1.11 

0.52 

0.97 


i 2 04 

0.98 

1.77 

1.8 

1.12 

0.52 

0.93 


1 2.09 

0.96 

1.81 

1.7 

1 13 

1 0.51 

0.95 


2.11 

1.03 

1.80 

1.9 

1.15 

; 0.51 

1.00 


2.12 

1.04 , 

1.83 

2.0 

1.17 

, 0.54 

1.01 


2.14 

1.00 

1.85 

1.9 

1.18 

0.52 

1.00 


! 2.14 

1.02 

1.82 

l.S 

1.18 

0.53 

1.00 


I 2.14 

1 1.03 

1.84 

1.9 

1.19 

0.52 

1.02 


; 2.15 

1.04 

1.88 

1.9 

1.19 

0.53 

1.01 


. 2.20 

i 1.03 

1.86 

1.8 

1.20 

0.58 

1 1.05 


2.20 

1.06 

1.90 

- 2.1 

1.21 

1 0.53 

1.02 


O 00 

| • JJ4J 

1.01 

1.93 

2.0 

1.21 

0.59 

1.07 


- 2.30 

1.11 

2.00 

2.5 

1.22 

0.5S 

1.05 


2.31 

1.12 

2.02 

2.4 

1.25 

; 0.57 

1.06 


2.31 

1.17 

2.00 

2 5 

1.25 

0.59 

1.06 


1 2.31 

1.17 

2.03 

2.6 

1.26 

0.59 

1.10 


! 2.39 

1.06 ; 

2.00 

2.3 

1.28 

0.60 

1.0S 


! 2.39 

1.16 i 

2.05 

2.6 

1.29 

0.59 

, 1.11 


! 2.40 

! 1.15 | 

2.13 

2.6 

1.30 

1 0.60 

1.10 


2.40 

1.21 , 

2.10 

, 2.9 

1.30 

0.60 

1.12 


1 2.42 

1.20 

1 2.11 

3.0 

1.30 

0.59 

1.13 


2.45 

; 1.12 ! 

2.10 

2.6 

1.31 

1 0.60 

1.10 


1 2.47 

1.13 

. 2.13 

i 2,7 

1.32 

1 0.59 

1.12 


2.50 

j 1.20 

2 15 

! sis 

1.33 

i 0.59 

1.15 


2.53 

1 ! 

1 2.14 

1 2.9 

1.33 

i 0.60 

1.11 

i 

1 2.59 

! 1-21 

; 2.i9 

1 2.9 

1.33 

! 0.61 

t 1.13 


' 2.60 

1 1.22 

I 2.20 

. 2.8 
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2.61 

X 22 

2.24 

3.2 

3.10 

1.41 

2.65 

5.0 

2.61 

liss 

2.26 ! 

3.1 

3.10 

1.50 

2.67 

5.2 

2 61 

1.24 

2.19 

3.0 

3.15 

1.49 

2.67 

5 0 

2.62 

1.32 

2 32 

3.6 

3.17 

1.57 

2.66 

5 8 

2.64 

1 22 

2.28 ! 

3.4 

3.19 

1.53 

2.79 

5.5 

2.65 

l.’lS 

2.20 

3.0 

3.21 

1.54 

2 70 

5.3 

2.66 

1.32 

2.38 ; 

3.9 

3 23 

1.61 

2-71 

5.7 

2.67 

1.2S 

2.30 1 

3.7 

3.21 

1.01 

2.78 

6). 2 

2 6S 

1.28 

2 29 ; 

3.4 

3.25 

1.50 

*» 74 

5 9 

2.69 

1.31 

2.26 

3.3 

3.26 

1.56 

2.79 

5 8 

2.70 

1.30 

2.30 

3.8 

3.27 

1.62 

2.80 

6.3 

2.71 

1.30 

2.31 

3.8 

3 29 

1.61 

2.87 

6.9 

2 71 

1.31 

2.37 1 

3.8 

3.31 

1.57 

2.85 

5.9 

2.71 

1.32 

2.32 j 

3.8 

3.34 

1.67 

2.82 

6.2 

2.71 

1.36 

2.30 1 

3.9 

3.35 

1.50 

2.76 

4.9 

2.75 

1.31 

2.30 1 

3.6 

3.36 

1.72 

2.88 

6.8 

2.75 

1.32 

2.36 ! 

3.S 

, 3.37 - 

1.67 

2 82 

6.0 

2.78 

1.29 

2.39 . 

3.S 

3.40 : 

1.61 

2 ! 85 i 

6.2 

2 78 

1.33 

2.37 

4.2 , 

■ 3 40 

1.68 

2.80 

6 3 

2 80 

1.31 

2.35 ! 

3 9 

3.40 

1.70 

2.83 

6.9 

2.80 

1.37 

2.42 

4.2 

3.43 ; 

1.61 i 

2.90 

6.0 

2.81 

1.29 

2.42 

4.0 

3 53 

1.73 

2.93 

7.3 

2.81 

1.44 

2 *.38 

1.3 

3.54 

1.72 

2 95 1 

6 9 

2.85 

1.38 

2.43 

4.3 ! 

3.54 

1.79 

3.00 | 

7.7 

2.92 

1.42 

2.52 

4.6 

. 3.55 ; 

1.70 

; 3.06 

7.1 

2.92 

1.43 

2.44 

4.4 

3.55 , 

1.81 

; 3.oi 

7.5 

2.99 

1.41 ; 

2.54 

4.6 ■ 

3.71 

1.79 , 

3.07 [ 

7.8 

2.02 

1.47 

2 53 , 

4.7 ' 

o fro 

o . /<> , 

1.81 

3.15 ! 

8.2 

3.05 

1.39 , 

2.58 

4.9 

3.79 : 

1.92 

3.16 

9.2 

3.05 

1.48 , 

2.63 , 

4.7 

' 3.87 1 

1.85 

3.19 

8.4 

3.06 1 

. 

1.50 

2 60 1 

5.2 

l 





Table 16. Locality N: Watanoha-Mati, Miyagi-Ken. 
Collected on Sept. 19, 1933. 


Length 

Depth 

! Height 

Weight 

Length 

Depth 

Height 

Weight 

in cm 

in cm. 

. in cm. 

| in gm 

j 1 in cm. 

in cm. 

in cm 

, in gm. 

1.17 ! 

0.45 

1 0.99 

1 0.2 

i 3.45 

1.55 

1 2.75 

6.5 

1.40 

0.53 

1.13 

0.4 

'! 3.48 

1.54 

2.70 

6.9 

1.41 ! 

0 51 

1.13 

0.4 

' 3.62 

1.59 

2.82 

7.3 

1.41 

0.51 

’ 1.16 

0.4 

I! 3.65 

1.57 

2.82 

7.2 

1.57 

0.58 

1.31 

0.5 

■' 3.67 

1.72 

2.91 

7.7 

1.60 ! 

0 58 

1.29 

0.5 

3.71 ' 

1.63 

2.79 

7,2 

1.61 1 

0.60 

1.28 

0.5 

! 3.75 

1.71 

2.98 

8.3 

2.00 ! 

0.78 

; 1.61 

1.1 

1 3.78 1 

1,80 

3.04 

8.9 

2 05 

0.81 

1.70 

1.3 

3.80 

1.77 

3.00 

9,0 

2.48 

1.07 

2.08 

2.4 

3.83 1 

1.70 

2.97 

1 9.0 

2.66 

1.12 

2.11 

. 2.7 

1 3.86 ! 

1.77 

3.03 

8.2 

2 72 

1 18 

1 2.27 

; 3.1 

3.90 

1.75 

; 3.05 

10.0 

2.*77 

1.22 

i 2 21 

3.6 

f 3.91 

1.85 

3.08 

9,9 

2.S4 

1.27 

2*28 

3.S 

1; 3.98 

1.72 

| 3.13 

9.4 

2.S6 

1.20 

- 2.30 

3.4 

3.98 

1.84 

1 3.20 

10.3 

2.95 1 

1.28 

2.31 

3.8 

!| 4.00 : 

1.81 

' 3.24 

9.9 

3.05 , 

1,33 

2.43 

4.4 

4.11 j 

2.01 

, 3.30 

12.0 

3.10 | 

1.42 

! 2.52 

4.9 

4.14 | 

1.90 

3.23 

10.9 

3.20 ; 

1.38 

2.56 

5.0 

4.22 1 

2.00 

3.32 

12.0 

3.34 I 

1.46 

1 2.58 

; 5.8 

j 4 .*27 

2.02 

I 3.33 

■ 12.6 

3.40 : 

1.50 

j 2.70 

; 6.2 

1 4.2S 

1.89 

! 3.29 

, 11.2 
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4.31 

1.95 

3 38 

12.7 

4.72 

2.14 

3.72 

15.5 

4.34 

2.00 

3.31 

12.6 

4.75 

2.08 

3.65 

15.0 

4.35 

2.04 

3.34 

12.8 

4.87 

2.13 

3.72 

15.5 

4.37 

2.02 

3.43 

io *> 

. tJ 

4.95 

2.38 

3.88 

20.5 

4.39 

1.91 

3.46 

13.3 

5.19 

2.41 

3 95 

20.8 

4.42 

2.06 

3.41 

13.2 

5.20 

2.42 

4.09 

21.1 

4.42 

2.11 

3 58 

14.1 

5.27 

2’.37 

3.92 

21.4 

4.55 1 

2.C6 

3.51 

14.0 

5.41 

, 2.47 

4.29 

23.9 

4.50 

2.10 

3.60 

15.2 

5.42 

2.50 

1 4.24 

23.5 

4.57 

S 2.04 

3.49 

14.4 

5.44 

i 2.50 

1 4.05 

23.3 

4.58 

2.17 

3.67 

16.9 

5.60 

! 2.46 

4.20 - 

24.7 

4.66 

2.20 

1 3.72 

17.7 

6.15 

2.87 

| 4.80 

! 34.3 

4.71 

2.22 

! 3.67 

16.4 


i 

i 



Table 17. Locality P : Kusatu-Mati, Hirosima-Ken. 
Collected on Feb. 14, 1933. 


Length 

In cm 

Depth 
in cm 

Height 
in cm 

Weight 
in gm 

Length 
in cm. 

1 

Depth 
in cm. 

Height 
in cm. 

Weight 
in gm 

2.29 

1.08 

1.90 

1.6 

2.72 i 

1.44 

2.26 

3.2 

2.34 

1.12 

1.98 

1.8 

2.73 ' 

1.36 

2.28 

2.4 

2.37 

1.18 

2.01 

1.6 

2 73 

1.39 

2.32 

2.9 

2.37 

1 21 

1.99 

1.9 

13.73 1 

1 39 

2.32 

2.6 

2.38 

1.16 

2.04 ; 

1.9 

2 73 

1.40 

2.25 

2.6 

2.40 

1.20 

2 05 1 

1.8 

2.73 , 

1.42 

2.33 

2.6 

2.41 

1.20 

2 09 

2.2 

2.74 

1.32 

2.31 

2.*4 

2.44 

1.26 

2.11 

2.5 

2 74 i 

1.33 

2.30 

2.6 

2.48 

1.26 

2.13 

2.3 

2.74 ; 

1.34 

2.35 

2.5 

2.51 

1.22 

2.09 

2.0 

2.75 1 

1.49 

2.34 

3.3 

2.52 

1.29 

2 16 , 

2.3 
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Since the completion of Laguesse’s reports on the islands of Langerhans 
in the sheep embryo (1893, ’94, 1905), embryological studies of the islands 
have been carried out by many investigators, using the embryos or larvae 
of various species as material: namely, Pearce (1903), Kuster (’04), 
Weichselbaum and Kyrle (’09), Mironescu (’10), Nakamura (’24), and 
Neubert (’27) investigated the islands in the human embryo ; Helly (’06) 
those m the guinea-pig embryo; Aron those in the embryos of the sheep, 
guinea-pig, and man (’20, ’20a, ’20b, ’22, ’26, ’31), and also in the 
tadpoles of Rana temporaria , Rana esculenta , and Bufo vulgaris (’25, ’28, 
’28a, ’31) ; Potvin and Aron (’27) those in the chick embryo; van 
Campenhout (’25, ’27) those in the embryos of the sheep, dog, mouse, 
man, daman, calf, and guinea-pig; Lentati (’28, ’29, ’30) those m the 
embryos of Mus musculus , Mus decumanus, guinea-pig; and so on. 

Laguesse distinguished the primordial island cells from the other 
pancreatic cells on the borders of the primitive pancreatic cords in sheep 
embryos 13-18 mm. long {vide Aron ’22), by the criterion that the former 
cells stain more intensely than the latter. According to him, the pri¬ 
mordial island cells are very precociously grouped into small masses, and 
when the primitive cords begin to form primitive pancreatic tubules (embryo 
18.5 mm. in body length), the primordial cells increase in number, and 
form primary islands, which show the same cellular disposition and the 
same mode of vascularization as those of the adult, except that they are 
more intensely stainable. Some of the primary islands form groups with 
each other and fuse into larger ones. Later, in an embryo 90 mm. long, 
when the pancreatic duct system and acini are established, the primary 
islands cease to form, and then atrophy sets in. Meanwhile, the acinus 
cells surrounding the secreting cavities begin to be transformed into the 
Sfeecrwdfttyrislands. Here and there, some adjacent secondary islands combine 
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with each other and form a larger one. Laguesse was of opinion that 
reversion between the acini and the secondary islands might be possible 
Obalancement theory). 

Afterwards, some controversies arose about the mode of formation of 
the islands, especially in relation to the degeneration of all the primary 
islands, to the transformation of the fully differentiated acinus cells into 
the secondary island cells, and to the reversibility between the islands and 
the acini. 

According to Pearce, in the third month of the human fetus (51 mm. 
in body length), the islands of Langerhans originate in the cells of the 
primitive secreting tubules by proliferation and differentiation. At first the 
islands are continuous with the acinar processes, from which they originate, 
and then are gradually constricted off from the acini, as the development 
goes on. He opposes von Hansemann’s theory, which maintains that the 
islands develop from the cells of the connective tissue. 

Kuster, Weichselbaum and Kyrle, and Lentati invariably coincide 
in the opinion that the islands of Langerhans are formed from the duct 
system by budding. Kuster, however, seems to be of opinion that they 
are differentiated only from predestined cells, and never from ordinary 
duct cells. 

Mironescu is sure of the fact that the first anlage of Langerhans’ 
island is differentiated from a bud which has formed in the epithelium 
not only of the secreting duct but also of the acini. The embryo, in 
which he found the very earliest anlage of the island, was one 17-18 
weeks old, the acini having already differentiated histologically, and the 
islands having maintained connection not only with the acini but also with 
the duct system. 

Van Campenhout is the first and hitherto the only authority who is 
of opinion that the sympathetic nervous system has an important relation 
to the histogenesis of the islands of Langerhans. He (’27) made a 
distinction between the two kinds of these islands: viz. 

1 ) Primary islands or ‘ilots de Laguesse (Aron ’22).’ The islands 
are formed in the walls of the primary pancreatic tubules. The cells of 
the islands grow out and migrate towards the sympathetic nerve ganglia 
or fibres until they come in close contact with the nervous elements. The 
latter then stimulate the primary island cells so that they are transformed 
into the secondary. 

2) Secondary islands or 4 ilots de Langerhans ’ The islands are trans¬ 
formed directly from the acinus tissue cells, not only without relation to 
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the sympathetic nervous elements but also without going through the 
primary stage. 

In spite of these assertions of his m regard to the sheep (’25) and 
later (’27) also to the dog, mouse, man, calf, daman, and guinea-pig, the 
opinion of van Campenhout is not accepted by recent workers, namely 
Neubert, Lentati, Aron, and so on. 

Neubert published in 1927 a very valuable work, viz. a study of the 
pancreas, with reference to the £ Teilkorpertheorie ’ of Heidenhain. He 
is of opinion that zymogenous and duct cells are equipotential, being able 
to transform one another, and both tissues being also able to give rise to 
the islands. The conclusion arrived at by him is merely deduced from 
his observation that the islands are m direct connection not only with the 
acini but also with the preterminal ducts, and that they increase m number. 
He believes the transformation of the islands occurs not m the whole 
acinus cavity, but m only a few cells of it, thus admitting first differenti¬ 
ation, and then proliferation. 

Lentati describes certain islands, which are continuous with the acini, 
and is of opinion that such a continuity has resulted only secondarily, and 
was not caused by the direct transformation of the acinus tissue into the 
islands. 

From above views, it is evident that there are two theories, one that 
the formation of islands occurs in both the duct system and the zymogenous 
tubules; this theory is supported by Laguesse, Mironescu, van Campen¬ 
hout, and others; and the other that the formation occurs only m the 
duct system as is held by Pearce, Kuster, Helly, Weichselbaum and 
Kyrle, Nakamura, Lentati, and others. But they all, with the exception 
of Aron, agree on the point that some primary islands can undergo 
further differentiation into the functional islands. Aron (’22, ’31) confirms 
Laguesse’s work, and persuades himself into the belief that the ‘ ilots de 
Laguesse ’ m the sheep change finally into either £ hematiformation ’ or 
regression, and that the £ ilots de Langerhans ’ are formed from the acini 
by transformation or from the duct system by budding. Aron (’22) 
recognizes, however, the transformation of the primary islands into the 
secondary in the guinea-pig and in man. 

The present work of mine was undertaken at the suggestion of Prof. 
Dr. E. Nomura in the spring of the year 1932. The purpose of this 
study was initially to determine whether in the amphibian larvae the 
islands have some connection in origin with tissues other than the endoderm 
or not. 
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As to the develepment of the amphibian pancreas, the work of Aron 
and Alfonsi together (’24) and that of Aron alone (’25, ’28, ’28a, ’31) 
have been referred to. 

According to the former work, functional island cells have appeared 
very precociously m larvae about 10 mm. long, but the primary island 
cells (cellules de Laguesse) occur later during metamorphosis. The authors 
were of opinion that this is incidental to extra-uterine life Ironi a very 
early stage of development. But Aron rejects this conception in his later 
work (’31) in the case of Rana temporaria , Rana esculenta , and Bufo 
vulgaris , and states that the primary islands appear very precociously and 
the secondary islands come first into view in the early stage of metamor¬ 
phosis. Furthermore, he believes m the occurrence of another kind of 
islands, ‘glandes de la metamorphose’, which have been transformed from 
the ‘ canaux excreteurs ’ of the pancreas. The cells of the 4 glandes de la 
metamorphose ’ are rich in cytoplasm, and show a clear appearance in the 
background of the darker zymogenous parenchyme cells. 

Before entering on the subject of this paper, I wish to express my 
deep gratitude to Prof. Dr. E. Nomura, to Assist. Prof. I. Motomura, 
and to Mr. J. Oizumi for their kind guidance during the progress of my 
work and also for their kindness in collecting the scientific publications on 
the subject. 

MATERIAL AND METHOD 

The larvae of Rana japonica were selected as the material for investi¬ 
gation. The fixation of the material was begun 2 days after the hatching 
and repeated at intervals of every 3 days for 20 days and then at desired 
stages till the complete absorption of the tail. Moreover, the pancreas of 
the adult frog was also preserved for comparison with those of the larvae. 
The serial sections were made of a thickness of 8 /a 

For the fixation, Lane’s A and B solutions, Perenyi’s, Bouin’s, and 
Champy’s fluids were tested, and for the staining, Dclafield’s hematoxylin 
and eosin, Heidenhain’s hematoxylin, and Mallory’s connective tissue 
stain were also tried. 

The alcoholic and acidic fixing solutions were not satisfactory, because 
of their property of dissolving the plasmic contents in zymogenous cells, 
this frequently making the observation more difficult. 

Lane’s B solution (corrosive sublimate 5 gm., potassium bichromate 
2.5 gm., and distilled water 100 cc.) combined with Mallory’s connective 
tissue stain was fairly effective. This method revealed very fine colour 
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differentiation: L e. in the metamorphosis stages, in which the histological 
differentiation of the pancreas has been fairly established, the zymogenous 
cell-plasm takes on a blue colour, the primary island cells dark purple. 
The secondary or adult island cells are usually clear er than the primary, 
and show varying depth of the staining colour according to amount of the 
characteristic dark purple granules contained, while the preterminal duct 
cells and centro-acinus cells appear very clear without containing any such 
granules. 


OBSERVATIONS 


In describing my observations, the sequence of the developmental stages 
is followed from the earlier stage to the later. The body length given 
as to the respective stage is only approximate. 

1) Stage reached 2 days after hatching (7 mm. in body length). 

The pancreas appears as a mass of cells. Each cell is nearly spherical, 
and contains so many yolk granules that the large nucleus is more or less 
irregularly compressed among them. The cytoplasm is sparse, and remains 
almost unstainable. Most of the nuclei contain, respectively, a large 
nucleolus. Among these ordinary cells we find some peculiar cells, each of 


which contains small yolk granules, 
abundant melanin pigments, and a 
nucleus with two comparatively small 
nucleoli (Fig. L). 

As will be seen later, m the 
later stages the island cells, centro- 
acinus cells, and the zymogenous 
cells come to be distinguished, 
respectively, as follows: 

a. In the island cells, the 
nucleus contains one or two small 
nucleoli and a fine lmin network. 

b. In the centro-acinus cells, 
the nucleus contains one or two 
small nucleoli and a coarse linin 
network. 

c. In the zymogenous cells, the 
nucleus contains one or two large 
nucleoli and a coarse linin network. 



Fig. 1. Section of pancreatic mass 
in stage 2 days after hatching, a 
nucleus containing large nucleolus, b 
nucleus containing two small nucleoli, 
c nucleus of peritoneal cell. x!060. 
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Thus even In the present stage, the cells which have a nucleus contain¬ 
ing one or two large nucleoli and a coarse lmin network may be identified 
as the predecessors of the zymogenous cells, while those cells with a 
nucleus containing small nucleoli are not to he identified as those ol either 
the island cells or the centro-acinus cells, owing to the absence ol any 
distinct criterion which can be applied to the limn network. It appeals 
to me, however, to be most probable that the cells containing comparatively 
abundant melanin pigments are destined to become the island cells. 

2) Stage 5 days after hatching (8 mm. in body length). 

Cellular components of the pancreas come into close contact with each 
other and no longer show the roundish appearance. Demarcation lines 
which separate the components become obscure. Cytoplasm is somewhat 
basophile, showing a little darkish colouration and is yet sparse in the 
cells of the central part of the pancreas, while it is more densely contained 
in those of the peripheral. In most peripheral parts of the pancreas there 
appears the first sign of the lobulation, a number of central lumens being 
established independently of each other as discontinuous spaces. The 
polarity of the cells is already defined, so that the yolk granules are 
disposed towards the outer or basal side of the cells, and the comparatively 
dense cytoplasm towards the inner side (Fig. 2). 



Fig 2 Section of tabulating poition of pancreatic mass m stage 
5 days after hatching, a nucleus containing large nucleolus, b nucleus 
containing small nucleolus, c nucleus in division, d nucleus oi poiitoncal 
cell, e central lumen. X1060. 
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The primary island cells are found singly in most cases, being scattered 
among the primordial zymogenous cells in either the lobulated (Fig. 2) or 
non-lobulated (Fig. 3) portion of the pancreas, particularly in its peripheral 
region. The zymogenous cell can be easily distinguished from the island 
cell by the presence of a nucleus which is furnished with one or two 
large nucleoli, coarse hnin network, and a thick nuclear membrane, and 
by the presence of the cytoplasm which is somewhat basophile, being 
darkish when observed, though it does not yet show m this stage any 
indication of zymogen granules at all. In each island cell, the cytoplasm 
is clear and almost unstainable, being packed with abundant very fine 
melanin pigments and with yolk granules, which are generally smaller in 
size and fewer in number than those in the zymogenous cells, and are 
rarely completely lacking (Figs. 26 and 36). The nucleus is furnished with 
one or two much smaller nucleoli, much finer hnin network, and a thinner 
nuclear membrane than those of the zymogenous cell, respectively (Fig. 
2). In the hematoxylin preparations of the present stage, it is revealed 
that the chromatin granules are fewer in the nuclei of the island cells 
than in those of the zymogenous ones. 

In the peripheral part, where the pancreatic tissue has begun to lobu- 
late, we sometimes find blood corpuscles, which have probably invaded it, 
as the formation of blood capillaries goes on into the interspace between 
the lobulated tubules, even though the capillary walls have not yet come 
into view owing to the weak¬ 
ness of the staining reaction. 

3) Stage 8 days after hat¬ 
ching (9 mm. m body length). 

The lobulation process has 
almost got into the central 
part of the pancreas, but it is 
yet very irregular at present 
there. Zymogenous granules 
are deposited in the cytoplasm 
along the central cavities. In 
each zymogenous cell the yolk 
granules are yet retained in 
abundance, especially in the 
proximal or basal part of the 
cells. The cytoplasm is not 
yet thoroughly basophile. The 


b 



Fig 3. Section of non-lobulated portion 
of pancreatic mass in stage 5 days after 
hatching, a nucleus containing large nuc¬ 
leolus, b nucleus containing small nucleolus, 
x1060. 
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centro-acinus cells are just perceptible, and are scattered here' and ihere 
in the zymogenous tubules. 

The primordial islands are found scattered among the zymogenous 
cells along the blood capillaries, being composed, in most cases, of single 
cells, and being very rarely as many as five or so. The island cells are 
generally very poorly furnished with cytoplasm. The yolk granules become 
smaller and fewer than those in the preceding stage, but the melanin 
pigments are so abundant, that the appearance of the cytoplasm is in 
every case obscured by their presence. As a result of using the preparations 
of Mallory’s connective tissue stain, a conspicuous colour differentiation 
is observable in the cytoplasm of the island cells, some taking on a dark 
purplish colour, others being almost unstainable, and others again showing 
various tinges between the two. This transition of the colour is gradual, 
but owing to the difference in colour the island cells aie always distinct 
from the zymogenous cells which usually take on a blue colour (Fig. 4). 



Fig. 4. Section of pancieatic tubule in stage 8 days after hatching, 
to illustrate difference of behaviour between island and zymogenous 
cells b blood corpuscle, c blood capillaiy, i island cell furnished with 
a few yolk granules, abundant melanin pigments which surround two or 
more clear, unstainable, ovoidal areas probably occupied formerly by yolk 
granules; nucleus containing small nucleolus, and cytoplasm staining 
proximaily in dark purple, l acinus cavity, 2 zymogenous cell furnished 
with zymogen granules disfcally and large yolk granules proximaily, and 
with nucleus containing large nucleolus. X1060 
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A few primordial or primary islands ai^e often met with, arranged 
facing the course of the same blood capillary. 

4) Stage 14 days after hatching (11mm. in body length). 

The features of the primary island cells are nearly the same as those 
of the preceding stage, but showing very often a tendency to become 
round (Fig. 5). 



Fig 5 Section of zymogenous tubule in stage 14 days after 
hatching, to show island cells becoming lounded distally c capillary, 
ca centro-acinus cell, i island cell, l acinus cavity, z zymogenous cell 
x 1060. 

5) Stage 20 days after hatching (12 mm. in body length). 

The yolk granules have almost completely disappeared. The island 
cells show nearly the same features as those in the preceding stage, with 
the exception of the absence of the yolk granules. 

The islands are as yet very inconspicuous, being composed only of a 
single or a few cells. They make small masses of about 22 in the 
largest diameter but very rarely. In such masses the nuclei are very 
closely assembled, and irregularly arranged with each other, and the 
demarcation lines of the cell components are indiscernible. 

6) Stages of posterior limb-buds (25-30 mm. in body length). 

The histo-physiological differentiation of the zymogenous cells has 
already been completely established, the cytoplasm showing a decidedly 
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basophile reaction. The excretory function is revealed by a varying 
amount of zymogen granules in the cell bodies and by the existence of 
excreting fluid m the central lumen. 

The primary island cells remain almost unchanged, the nuclei showing 
the typical structure, but the cytoplasm taking on the dark purplish tinge 
more prominently, and the melanin pigments becoming coarser in size and 
fewer m number. They sometimes form small round masses, and sometimes 
show an epithelial arrangement of a height only a little more m measure¬ 
ment than the longest diameter of the nuclei, which are ovoidal or more 
or less elongated (Fig. 6). 


z 



Fig 6 Section of pancreas in latei stage of posterioi limb-buds, to 
show state of aggregation of island cells around blood capillaiy c blood 
capillary, cc nucleus of capillary cell, / island cells, 2 zymogenous cells 
X 1060 . 

Some single primary island cells containing coarse melanin pigments 
are found here and there, forming completely unique acini together with 
zymogenous cells (Fig. 7). 

One (id) of the two islands shown in Fig. 7 is perhaps composed of 
three cells, two nuclei of which are about to degenerate. Some islands 
in the same stage are found disposed with nearly all the surface facing 
the capillary and with the small surface facing the central lumen, as ii 
the islands were bulging out into the capillary (Fig. 8). 

Cases, in which some primary islands surround a same capillary, 
become very frequent (Fig. 6). The islands i„ i>, and i { are really 
connected with each other in the other serial sections The present island 
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Fig. 7. Section of pancreas in later 
stage of posterior limb-buds, to show island 
cell forming a unique acinus together with 
zymogenous cells c blood capillary, i and id 
island cells, z zymogenous cells X 1060 


was the most developed of those 
which I have been able to find 
so far m this stage, measuring 
about 104 ft by 30 /a 

7) Stage in which the 
posterior limbs have already 
become articulated and the buds 
of digits are discernible (4-5 
mm. in length of posterior limb, 
and 35 mm. m body length). 

Most primary islands which 
are composed of many cells, 
retain the characteristic feature 
described in the preceding 
stage. The cell components 
are poorly furnished with 
cytoplasm, and show a dark 
purple reaction to Mallory’s 
connective tissue stain. They 
retain also a number of coarse 
melanin pigments, but some¬ 
times lack them entirely. 

It is worthy of note that, in 
the present stage, some of 
the unicellular islands and of 
the smaller islands, which are 
composed of a small number 
of cells, begin to undergo a 
very conspicuous change in staining reaction, while most of them, as well 
as the typical primary island cells, retain the original characteristics. The 
former island cells alter in character from basophile to intensely fuchsino- 
phile, transitional colourations between the dark purple and the red having 
been frequently met with. Most of the single fuchsmophile cells are of 
nearly the same size as the other primary island cells, which are much 
smaller than the zymogenous cells. When they constitute unique tubules 
together with zymogenous cells, they are inclined frequently to be rounded, 
as is the case in the unicellular primary island cells. Sometimes, the 
densely fuchsinophile cells are found among the cells forming larger 
islands, especially in their peripheral part, where they are more closely 



Fig. 8. Section of pancreas in later 
stage of posterior limb-buds, to show island 
nearly surrounded by blood capillary, d 
pieterminal duct cell, i island, 2 zymogenous 
cells X 1060 



170 


K. HIRATA 


attached to the zymogenous tissue (Fig. 13 if). 

There are various types of fuchsinophile cells. In most of them the 
content is not homogeneous owing to the presence of the fuchsinophile 
granular structure. Sometimes the granular structure is not distinct (Fig. 
9A and B, and PI. HI, Fig. 1A), but sometimes it is very distinct (Fig. 
9C). In a few cells, which are richly furnished with cytoplasm, the content 
is quite homogeneously fuchsinophile, being feebly stained and never showing 
granulations (Fig. 9D, and PI. Ill, Fig. ID). One or two notches in the 
nuclear membrane are found in some of the fuchsinophile cells (Fig. 9 A 
and B, and PL III, Fig. 1.4). Henceforth, all the cells, which take on 
the fuchsin stain, are called invariably the c fuchsinophile cells.’ 



Fig 9 Fuchsinophile island cells, to show several types. A and B 
cells in which fuchsinophile granules are not distinct, C cell in which 
fuchsinophile gianules are distinct, D cell which is homogeneously 
fuchsinophile, showing no granulations, but containing a thread-like 
basophile substance. X1060. 



Fig 10 Section of pancreas, to 
illustrate most advanced differentiation 
of island cells in stage of body length 
of 35 mm b blood corpuscle, c blood 
capillary, % island cells. X1060. 


In the present stage, another 
transition begins to occur in some 
primary island cells to the^secondary. 
Some primary island cells become 
higher and columnar, being richly 
furnished with clear cytoplasm, and 
the purple granulation comes into 
view in the preparations with 
Mallory’s connective tissue stain 
(Fig. 10). 

8) Stage in which the posterior 
limbs are highly developed and 
actively movable (12 mm. in length 
of posterior limb, and 45 mm. in 


body length). 

In most of the islands, the cytoplasm becomes voluminous, and the 
purple granulation clearly detectable, but in some of the islands the 
granular content of the cytoplasm is so sparse that the cells are very 
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Fig. 11. Section of pancreas in stage of body length of 35 mm. 
to show island decisively in close continuity with preterminal duct, 
c blood capillary, d preterminal duct, i island cells, z zymogenous 
cells. X 1060. 

clearly recognizable. A small number of melanin granules are also 
usually found. The cell components are often spindle-shaped or columnar, 
but are sometimes short, and often arrange themselves in a band (Fig. 
12). These features are directly those of the secondary or adult island 
cells. The primary islands are still observable. 

The fuchsinophile cells show varying relations to the zymogenous 
tubules as do the primary island cells. They are sometimes large and 
sometimes as small as the latter cells; sometimes compose, singly or 
forming masses of a few cells, unique acini together with the zymogenous 
tissue, and sometimes they are found intercalated between the outer 
surface of the zymogenous tissue and its basement membrane. In a few 
of the fuchsinophile cells the melanin pigments still are retained in 
abundance, while in most of them they are almost lacking. Frequently, 
some of the fuchsinophile cells are found in direct continuity with clear, 
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Fig 12. Section of pancreas in stage of body length of 45 mm., 
to show arrangement of cellular components of secondaiy island 
forming band, which measuies about 23 p. in width, c blood ca illary, 
i secondary island, z zymogenous cells x 1060. 

secondary island cells. In these cases, they are located generally in the 
periphery of the island adjacent to the zymogenous tissue, as described in 
the preceding stage (Fig. 13). 

In the stage now reached, it is evident that some primary island cells 
and fuchsinophile cells undergo degeneration. In one case met wi h, an 
island was composed of 7 cells (PI. Ill, Fig 2). One (if) of the cells was 
deeply fuchsinophile. Three others (is) were on the way to differentiation 
into the secondary cells. And the remaining three (ip) were primary 
island cells beginning degeneration, their nuclei being diminished in size 
and darkly stained. The island m this case was in the most intimate 
‘ continuation ’ with the zymogenous tissue, but any evidence of transition 
from zymogenous cells to island cells, or vice versa, was not observable. 

The largest island met with in this stage had attained nearly 100 py. 
100 ! l X 10 p, and the histological differentiation had been almost completely 
advanced with rich blood supply. 

From about this stage onwards there occurs in the pancreas a distinct 
reorganization process. The pancreas gradually decreases in size and 
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alters from a massive to a 
slender form, until the meta¬ 
morphosis is complete. It may 
be emphasized here that the 
island cells, either the secondary 
or the deeply fuchsinophile 
cells, begin to atrophy later 
than do the zymogenous cells, 
for I frequently met with 
secondary islands and fuchsino¬ 
phile cells freed from zymo¬ 
genous tissue by the atrophy 
of the cells of the latter. In 
most cases, the liberated 
fuchsinophile cells are homo¬ 
geneously stainable. Their 
shape becomes rounded first, 
and then begins to be disfigured 
showing signs of degeneration. 

REMARKS 

1) General. In the stage 2 days after hatching, I was not able to 
find any primary island cells, yet some cells (Fig. 1) may be explained as 
the primary island cells, as they contain more abundant melanin pigments 
and smaller nucleoli than do the other cells. In the larvae, 5 days after 
hatching, the primary island cells were distinctly discernible for the first 
time among the parenchyme cells, which in this stage mainly form the 
primitive pancreatic mass, just beginning differentiation as the zymogenous 
cells. Most of the primary island cells in this stage contain yolk granules 
as do the other parenchyme cells, but the amount of fine melanin pigments 
is distinctly richer in the former cells than in the latter. The nucleus of 
each primary island cell, furnished with one or two small nucleoli and 
fine linin network, shows the features of that of the typical island cell in 
the adult. But when observed in hematoxylin preparations, the amount 
of chromatin granules is discordantly poor m the nuclei of the primary 
island cells. From the fact that these primary island cells are found even 
in the non-lobulated parts where no capillaries are developed (Fig. 3), I 
conclude that, in their origin, they have nothing directly to do with the 



Fig 13 Section of pancreas in stage 
of body length of 45 mm., to show fuchsino¬ 
phile cells in periphery of island, being 
attached to zymogenous tissue, b blood 
corpuscle, c blood capillary, i secondary 
island cells, i/fuchsinophile cells, zd degener¬ 
ating zymogenous cell v 1060 
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capillary or connective tissue cells already differentiated. This view is in 
opposition to that of von Hansemann (1901, vide Pearce ’03). Again 
from the fact that the cells, which show a similar behaviour not only to 
the mesenchyme but also to the peritoneal cells, are never found among 
the cell components of the primitive pancreatic mass (Fig. 1), I therefore 
feel bound to conclude that the primary island cells are endodermal in 
origin as are the other pancreatic parenchyme tissues. 

When the lobulation begins, the primary island cells come into close 
connection with the zymogenous tubules, and also with the blood capillaries 
which have been formed round the zymogenous tubules as the lobulation 
proceeds (Fig. 4). The primary island cells are scattered for the most 
part in the peripheral region of the pancreas (Fig. 14). They are inter¬ 
posed between zymogenous cells, thus showing the unique acinus formation 
together with the zymogenous tissue (Figs. 4 and 5) or intercalated 
between zymogenous tissue and its basement membrane, which is in most 
cases nothing but capillary walls. The cytoplasm of the primary island 
cells begins gradually to show the typical staining, that is, a dark purple 
tinge in the case of Mallory’s connective tissue stain (PL III, Fig. 1 i), and a 

light red in that of Delafield’s he¬ 
matoxylin and eosin stain Chroma¬ 
tin granules become more abundant. 

Many authorities are of opinion 
that the primary island cells mi¬ 
grate from their original situation in 
the zymogenous tissue outwards to 
the connective tissue. This may 
possibly be the case. I have been 
able to find, as already stated, the 
primary island cells interposed be¬ 
tween the zymogenous cells (Fig. 5) 
and those intercalated between the 
zymogenous tissue and its basement 
membrane (Fig. 6£,), just showing 
a movement from one situation to 
the other. This movement of the 
cells, however, is, in my opinion, 
not due to their automatic migra¬ 
tion, but to the transference caused 
by a difference of tension between 



Fig. 14. Cross section of pancreas 
in stage 11 days after hatching through 
ductus pancreaticus, to illustiate the 
state of distribution of the primary 
island cells, c blood capillary, pd 
ductus pancreaticus 
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the membrane of the zymogenous cells and the basement membrane, which 
is directly the wall of the blood capillary. Moreover, in the cases which 
I investigated, neither tropism of the primary island cells towards, nor 
other topographical relations with, the sympathetic nervous system, could 
ever be met with. 

The primary islands retain their present features until the metamor¬ 
phosis begins. In the stages in which posterior limb-buds develop, the 
primary islands are found sometimes as single cells, sometimes as small 
concretions composed of a number of cells which are arranged either, 
irregularly, forming rounded masses (Fig 6i a ) or, regularly, forming bands 
(Fig. 6ij). The gradual transition of the primary islands into the secondary 
is carried on from this stage onwards to the stage in which the posterior 
limbs are actively movable (45 mm. in body length). In the latter stage, 
the islands which are composed of cells identical with the typical island 
cells of the adult are commonly found. As to the generative cause of 
this transition, I have nothing to oppose to the theory put forward by 
Aron (1926, ’28a, ’31), that the differentiation into the secondary island 
cells is preceded by the histo-physiological differentiation of the thyroid. 
Several primary islands are frequently found round the same capillary in 
close connection with the neighbouring acini, as is described by almost all 
authorities. When these islands grow along the capillary and fuse 
themselves with each other to form a larger island, the one capillary 
becomes divided into many, some being taken into the island. It is clear 
that the capillary walls of the island are homologous with the basement 
membrane of the zymogenous tissue as described by Fischer (1912). 

2) So-called * capsule ’ of the island. According to Pearce, Kuster, 
and Weichselbaum and Kyrle, the islands are originally continuous with 
the other pancreatic tissue, and later, as the development goes on, they 
are constricted and thus separated from the latter, the former being thus 
surrounded completely by the £ capsule ’ of the connective tissue. They 
state also that such an anatomical independence of the islands from the 
other pancreatic tissues coincides with the fact that the former are indepen¬ 
dent of the latter in physiological function. Recent authorities, Nakamura, 
Neubert, and Lentati, however, deny that the existence of such complete 
capsules is invariable. According to Fischer, and Saguchi, and to my 
own observation on the pancreas of the frog, the islands are clearly 
functional even without the capsules, which separate the islands from the 
other pancreatic tissues. 

3) Fuchsinophile cells. These cells are very rare in the early stages 
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of metamorphosis, and gradually increase in number as the metamorphosis 
advances. 

The fuchsinophile cells of mine are nothing else but those which are 
found by Saguchi in the pancreas of the frog, being explained as trans¬ 
itional forms from the zymogenous cells to the island cells, or vice versa. 
These cells are also identical with the 4 bathychrome cells 1 of Vincent 
and Thompson (1908) found in the pancreas of several kinds of species 
of Vertebrates. Bensley’s a-cells in the pancreas of the guinea-pig are 
also the same as my fuchsinophile cells. According to Bensley, the 
a-cells are present not only in the periphery of the island adjacent to the 
acini, but also in the central part of the island. He says that this may 
cause one difficulty to the authorities who consider these cells to be those 
which represent a transitional stage from the acinus cells to the island 
cells. I was able to find, as already described, m the early stages of 
metamorphosis, various cells which show a gradual change in the staining 
reaction from dark purplish tinge to deeply fuchsinophile. I have also 
stated that these cells occur, either singly or grouped in small masses 
of a few cells, closely attached to the acinus cells m the periphery of an 
island. These facts appear to me to be very suggestive, and I wish to 
deduce here that some of the primary island cells degenerate and some 
become fuchsinophile cells, while they are in contact with the acinus cells; 
but most of them, especially the components of large primary islands, 
become the secondary or functional island cells. 

According to Alfonsi, the ‘ cellules de Laguesse’, which were found 
by him in the tadpoles during metamorphosis, begin to appear later than 
the appearance of the 4 cellules de Langerhans.’ Therefore, his 4 cellules 
de Laguesse’ are not actually the same as the ‘cellules de Laguesse’ of 
Aron, which are identical with the primary island cells and begin to 
appear before the appearance of 4 cellules de Langerhans and according 
to his statement they are, without doubt, nothing but the fuchsinophile 
cells. 

4) New formation of the island from other tissues. The view that 
there is a new formation of the islands from the other tissues, even in 
newly born animals, has been held by many authorities. According to 
Weichselbaum and Kyrle, Nakamura, and Lentati, etc., the islands 
which have been retained in close connection with the duct system, and, 
according to Aron, van Campenhout, Neubert, and others, those in close 
connection with the zymogenous tubules, are newly-differentiated and 
proliferated ones. Most of the authorities, however, seem to have arrived 



HISTOGENESIS OF THE ISLANDS OF LANGERHANS 


177 


at these conclusions from the fact that the islands increase m number 
during later developmental stages, and that they are in direct continuity 
with the duct and zymogenous tissues. But continuity with the other 
tissues appears to me to be insufficient to prove the occurrence of a new 
formation of the islands from the other tissues. The only way to decide 
this question is to find a direct case of transformation from one to the 
other. 

Among these authorities, van Campenhout alone in Ins description 
refers to this mode of transition. But he merely states in regard to the 
mouse that “ chez Padult, au contraire, a cote des complexes sympatico- 
insulaires bien delimitees, existent des ilots en rapport avec les acini et 
montrant toutes les figures de transformation d'acini en ilots ” Such a 
description is not sufficient to convince us that his transition theory must 
be accepted as proved. Vincent and Thompson also believe in the 
occurrence of transition even in the adult pancreas. Taking the abundancy 
of zymogen granules as the criterion, they state that zymogenous cells 
gradually “ shade off ” into island cells, and that “ the transition as indicated 
by varying amount of zymogen granules in the different cells ” is frequent. 
It seems to me, however, that the variation in the amount of zymogen 
granules gives no proof by which we may account for the transition from 
zymogenous cells to the island cells. We ought rather to look for positive 
cytological grounds of investigation as carried out by Saguchi in 1920. 

Van Campenhout, in his study of the pancreas of the dog, found that 
all the functional islands in the embryonic stages are in connection with 
the sympathetic nervous elements, but that in the adult some of the islands 
are transformed from acini, and do not show any such connection. Now, 
if m the embryonic stages, all the islands are really in connection with 
the sympathetic nervous system, no single primary island cells remaining 
scattered among the zymogenous cells, and yet later in the adult stages 
there are found many islands unconnected with the sympathetic nervous 
elements, but in connection with the zymogenous tubules in close £ continuity ’ 
with those elements, then it may safely be concluded that a new formation 
of the island of Langerhans in the acinus tissue is possible. However, I 
found no such connection between islands and sympathetic nervous elements 
in any stages of development. Consequently, I cannot agree with the 
view of van Campenhout. 

Neubert believes in the possibility of the formation of the islands 
from both duct system and zymogenous tissue. But according to Nakamura 
and Lentati, the connection between islands and zymogenous tubules is 
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of secondary formation. They assert that such a connection never involves 
proof of the direct origin of the islands, but they believe that the formation 
of the islands is only possible by budding m the duct system, observing 
the direct continuity between the preterminal ducts and islands and similar 
features in the components of the two tissues, perhaps in eosin prepara¬ 
tions. In spite of Bensley’s opinion that the continuity between the two 
tissues never proves the possibility of their reciprocal transition, many 
later authorities are accustomed to trust too much to the importance of 
continuity between the islands and other tissues. 

Why did not these authorities identify the islands, which were in direct 
continuity with the duct system, with the islands derived from the primary 
island cells, which had differentiated in a very early stage in the walls of 
the primitive pancreatic cords or tubules, and which had been shown for 
the first time by Laguesse in the embryos of the sheep and then by 
Kelly m the embryos of the guinea-pig ? Why did they not consider 
that the connection between the island and the duct system is also of 
secondary formation ? Such an explanation, which makes the connection 
of the islands with either the zymogenous tubules or the duct system to 
be of secondary formation, seems to be highly acceptable when we 
compare this circumstance in the case of mammals and in that of frogs: 
in the former, the connection of the islands is retained more frequently 
with the duct system, while in the latter it is retained almost conclusively 
with the zymogenous tissue. 

One case, which was very rarely found in the range of my observations 
and in which the island maintained close connection with the duct system, 
is shown in Fig. 11. This case, however, does not compel us to conclude 
that the differentiation of the islands occurs in the cells of the preterminal 
duct, as is asserted by various workers. 

Early in the process of development, the pancreas is almost completely 
filled with zymogenous tubules, the cells of which have been differentiated 
histologically pari passu with the lobulation of the primitive pancreatic 
mass, which contains scattered centro-acinus and primary*island cells; and 
the duct system consists of a single tube without any branches, and is 
confined to a very restricted area near its exit, ductus pancreaticus, only 
extending to a few sections, while the pancreas extends to about 70 
sections (Fig. 14). The development of the duct system is practically 
accomplished in the tadpole after the metamorphosis has begun. In fact, 
in the development of the duct system two processes may be distinguished, 
as pointed out by Neubert: viz. 
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a. Development of the duct system by the growth of new branches 
from the primitive pancreatic duct. 

b. Formation of preterminal ducts from centro-acinus cells. In this 
case, the centro-amnus cells proliferate and gradually line the acinus cavity 
(PI. Ill, Fig. lea'. Then the basement membrane grows into the 



interspace between the zymogenous cells 
and reaches the centro-acinus cells (Fig. 
15, and PL III, Figs. 1 and 3), the zymo- 
gerous tubule being thus constricted and 
separated gradually into two (PL III, Fig. 
3). These two portions of the zymogenous 
tubule, which have been constricted off, 
are separated by the further proliferation 
of the centro-acinus cells. Thus these 
cells form a bridge which is the pre- 


Fig 15 Section of zymogenous 
tubule in stage of body length of 
25 mm , to show ingrowth of basement 
membrane bm basement membrane, 
ca centro-acinus cell, 3 zymogenous 


terminal duct (Fig. 11). Similar cases 
are fieqnently met with in the pancreas 
of the tadpoles in the early stages of 
metamorphosis. 


cell 


If such an ingrowth of the basement 



Fig 16. Section of zymogenous tubule in stage of body length of 
25 mm., to show detachment (s') between primary island and zymogenous 
cell, c blood capillary, ca centro-acinus cell, cc nucleus of capillary cell, 
% primary island, z zymogenous cell. 
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membrane and further proliferation of the centro-acinus cells occur in 
the very portion of zymogenous tubule, where a primary island is laid 
(Fig. 16), it may be possible to form an island showing close connection 
with the preterminal duct (Fig. 11). At any rate, I cannot rely on the 
importance of the 4 continuity ’ of the island with the other tissue, whether 
it be that of the duct system or of the acinus tissue. 

SUMMARY 

1) The primary island cells are differentiated from the cells of the 
same origin as the other pancreatic parenchyme cells, i. e. endodermal. 

2) The primary island cells have in their origin nothing to do directly 
with capillary or connective tissue cells. 

3) In the early stages of metamorphosis, the primary islands begin to 
differentiate into the secondary and become functional. 

4) In the early stages of metamorphosis, the primary island cells, 
which are in the periphery of the island, and some primary islands, which 
are composed of only a single or a few cells are subjected to the other 
process of differentiation and become deeply fuchsinophile, while they are 
in close contact with zymogenous tissue. 

5) The 4 bathychrome cells ’ of Vincent and Thompson, the 4 a-cells 5 
of Bensley, the 4 a-, b- and c-cells 5 of Saguchi, and the 'cellules de Laguesse’ 
of Alfonsi are included in the term 4 fuchsinophile cells.’ 

6) The continuation between the islands and the other tissues does 
not involve proof of the actual origin of the islands. 

7) The complete capsule which separates an island from other pancreatic 
tissues is not necessary for the physiological independence of each other. 
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EXPLANATION OF PLATE III 

Fig. 1. Section of pancreas in stage of 35 mm. in body length, to show three islands 
surrounding the same blood capillary, and to show sevexaicell components of 
islands. A fuchsinophile island cell with indistinct granulation and notched 
nuclear membrane, b blood corpuscle, c blood capillary, ca centro-acinus cells, 
ii mass composed of primaiy island cells only, mass composed of a fuchsino¬ 
phile (A) and another primary island cell, i% primary island cell constituting 
a cell mass together with two other cells (D) which are homogeneously 
fuchsinophile, and the nuclei in which show some abnormalities in staining 
reaction. X 1060. Mallory’s stain. 

Fig. 2. Section of pancreas in stage of 45 inm in body length, to illustrate mainly 
an island composed of various kinds of island cells, if fuchsinophile cell, ip 
primary island cells, is secondary island cells, zd degenerating zymogenous 
cell. X1060. Mallory’s stain. 

Fig. 3. Section of pancreas in stage of 35 mm in body length, to show basement 
membrane of zymogenous tissue interrupted by centro acinus cells c blood 
capillary, ca centro-acinus cells, d preterminal duct. X 1060 Mallory’s stain 
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In Japan, from fairly ancient time, a method, which has been called 
“ Yogai”, has been widely practised by owners of pet domesticated birds 
such as 

Horeites cantans (Temminck and Schlegel) “ Uguisu ” 

Enthacus akahige (Temm.) “ Komadon ” 

Zosterops palpebrosa japonica (Temm. and Schl.) “ Mejiro ” 

“Yogai” is the method, by which the birds are brought to the light 
of a candle or of an electric or other light after sunset, to make them 
begin to sing their mating songs as early as possible in winter, even from 
the first day of January, i. e. before the spring, when wild birds usually 
begin to sing. Modern owners of pet birds generally subject the birds to 
the action of an electric light of from 50 to 60 watts for about from 3 
to 4 hours after sunset, that is, in the winter in Japan, from about 4 to 7 
or 8 o’clock in the afternoon. During the “ Yogai”, usually, the birds 
become less active than they are in the daytime, and sometimes, some of 
them completely cease their muscular exercise or fall asleep. All of them, 
however, begin to sing their mating songs after about a month from the 
beginning of the “ Yogai”, and even the birds which at first used to fall 
asleep, begin to sing on the same day and as well as those which were 
relatively active from the start. 

It is usually said among owners of pet birds that in using this method 
a period of exposure of from 3 to 4 hours is the most effective and that 
any prolongation of this period is harmful to the birds. This fact has 
also been ascertained from my own experience in the past few years, 
though I can say nothing as to its exact cause at present. 

There are several terms used to distinguish the varieties of songs of 
the birds. The songs sung during their breeding season are usually termed 



184 


H. MIYAZAKI 


“ mating songs”, in the exactly same sense as used already in this paper. 
The cries which sound very sharp and harsh, namely “ kin-kiri-kiri” of 
Lanicus hucephalus (Temm. and Schl.) from the top of trees on a very 
clear day of autumn, are called “ alarm songs’ 1 , and do not express any 
desire for mating. Besides these, the terms “ ordinary songs”, £k flight 
songs", etc. are used to distinguish the other kinds of songs of the birds. 

Here I wish to emphasize the fact that the mating songs of the birds 
indicate their sexual maturity. In fact, a considerable acceleration of the 
period of mating songs by the “ Yogai ” directly implies the acceleration 
of sexual maturation. Thus it must be our question what factors of the 
“ Yogai ” cause the acceleration of sexual maturation ? 

If we compare all the factors of the daily period lj of spring, in which 
season the wild birds attain sexual maturity, with those of the “ Yogai”, 
the real nature of the causal relation between the daily period and the 
sexual development may perhaps be explained. For the purpose of this 
study, the following, most easily approachable four factors were taken into 
consideration by myself : — 

Rise of temperature 
Prolongation of light period 
Prolongation of feeding period 
Prolongation of period of muscular exercise 

Of these factors, the changes in the environment in spring and those 
in the environment caused by the “ Yogai ” are compared in what follows: 

1) Temperature. Even though the birds are kept indoors there must 
be a difference between the temperature of cold winter and that of warm 
spring. 

2) Light Period. The light period is longer in spring than m winter. 
In other words, in winter the sunlight period is much shortened, and in 
the <£ Yogai ” this shortening of the sunlight period is compensated for 
by the electric light. The electric light, however, is the red light the 
wave length of which is limited so as to be above 400 L Thus, as far 
as the wave lengths are concerned, there must be a considerable difference 
between the sunlight and the electric light. 

3} Feeding period. This period appears to me to be practically the 
same in spring and for the “ Yogai”. 

1 ' Bissonette, T. H. 1931. Studies on the sexual cycle in birds IV Experimental modi¬ 
fication on the sexual cycle in males of the European starling ( Sturnus vulgaris ) by changes 
in the daily period of illumination and of muscular work Journ. Exp. Zool, Vol. 58, Pp 
281-319. 
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4) Muscular exercise. The muscular exercise of the birds is somewhat 
less during the “ Yogai 55 than in the daytime, some ceasing their move¬ 
ments and some falling asleep. But, as already stated, since the period of 
beginning the mating songs can be the same both in the case of the 
birds which are relatively active and those which fall asleep, the effect 
of muscular exercise upon sexual maturation can be thought to be very 
slight. 

From the above generalization of the four factors, the feeding period 
may be expected to play a very important part during the “ Yogai ” as 

well as in spring. But this is merely a supposition. If some analytic 

experiments are made upon these various factors, separately or combined 
with others, then we may be able to answer the questions: Which single 
factor is the most important ? Are all the factors necessary ? This purpose 
was the real motive and interest which led the present writer to study 
one of the ecological problems suggested by the title of this paper, 
Zosterops palpehrosa japonica being selected as the material. 

Zosterops palpehrosa japonica belongs to Zosteropidae, and is widely 
distributed over Honshiu, especially densely in the southern islands of 
Japan, including Shikoku and Kiushiu, and spreading over to the tropical 
islands. The breeding season of the wild birds ranges, in general, from 

the end of April to the end of July, and the moulting season from the 

beginning of September to the middle of October. In the localities, that 
are south-west from the middle region of Honshiu (Kanto) and are warm, 
there is no evidence that they migrate, but in the north-east region of 
Honshiu (Tohoku), where the climate is rather cold in winter, they seem 
to migrate to a warm district during about from November to April. The 
migration records in Kurihara-Gun, Miyagi-Ken, which is about 30 miles 
north of Sendai, are shown in Table V\ 

Table 1 



First date of migration 

First date of migration 


in spring 

in autumn 

1931 

April 3 

September 28 

1932 

April S 

October 10 

1933 

March 31 

September 26 


i) These records are based on a private letter from my friend Mr. K. Hayakawa. 
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The wild birds feed on the honey of flowers, fruits, juice from the 
bark of some trees, and insects. The domesticated ones are usually fed 
on ground food containing 33?/6 in weight of fish powder made from 
baked and dried freshwater fish. 

Before entering on the subject of this paper, I wish to express my 
heartfelt thanks to Prof. E. Nomura for his cordial guidance made during 
the progress of my work and for his kind revision of this manuscript. My 
thanks are also to offer to Prof. Y. Yoshii for his kind consent to my 
using his laboratory without any restrictions, to Assist. Prof. I. Motomura 
for his kind advice, to Mr. S. Sekine, Member of the Club of the Owners 
of Pet Birds in Sendai, for his kind assistance m feeding the birds, and 
to Mr. K. Ha yak a wa, a special owner of pet birds in Kurihara-Gun, 
Miyagi-Ken, for the kind information sent by him in relation to migration, 
etc. 

In the course of my investigation three different sets of experiments 
were carried out, and in the present paper these are separately described 
under different headings. 

I. RELATION BETWEEN THE DAILY PERIOD 
AND THE SEXUAL MATURATION 

Material and Method 

The specimens of Zosterops palpebrosa japonica were captured with 
bird-lime in July, 1932, in the Chichibu Ranges, Saitama-Ken, which is 
the middle region of Kanto. The total number caught was 50. Of these 
36 males were presumed to be of same age, because of their hatching 
invariably in May, 1932. Each young male bird was kept m a bamboo 
cage 10 inches m depth, 6 in breadth, and 7 in height. All the young 
were fed upon the ordinary ground food which contained 33 °/o of fish 
powder. The food was renewed once every morning and left in the cage, 
so that the bird was able to feed at will. Care was taken that the 
composition of the food should not vary. None of them was sick until 
December 1. Already by this time, they had forgotten the fear which 
they had when they were caught, and were so domesticated that they 
returned to their own cages even after being allowed to fly out. 

The present experiment was carried on from Decernber 1. The 
laboratory used faced towards the south, and there was enough light to 
light up every part of the room. In the daytime, as the windows were 
kept open, the temperature within the room was practically the same as 
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that outside, but at night, as the windows were dosed in order to protect 
the birds from possible enemies, the temperature of the room w T as higher 
by 2°-3 c C than that out-of-doors The electric light employed in the 
“ Yogai” was a tungsten lamp of a power of 100 watts, and it was 
lighted from 4 o'clock to 8 in the afternoon at a distance of 3 meters 
from the bird-cages, in order to make the illumination uniform throughout, 
the positions of the cages were altered as often as possible 

Of the 36 birds, 26 were exposed to the u Yogai”, the other 10 
remaining in darkness as the control. All lights were shut off from the 
control birds by covering their cages with black cloth at 4 o'clock in the 
afternoon. 


Experimental Results and Remarks. 

On December 20, just 20 days after the beginning of the “ Yogai”, 
the first mating songs were heard from one of the “ Yogai ” group. Since 
then, the number of those singing mating songs gradually increased, and 
on January 5, all the specimens had begun to sing their mating songs. 
Furthermore, combats between those of the same sex became violent, and 
they seemed to behave in the manner is observable during the regular 
breeding season. 

In the “ Yogai ” specimens, internally, the testes increased in size with 
the lapse of time until the birds began to sing. At the very beginning 
of the experiment on December 1, the seminiferous tubules were slender, 
and the spermatogenetic stages were practically unobservable (Fig. 1). 
Then, with the lapse of time the tubules increased in diameter, the 
spermatogenetic figures having become visible (Fig. 2). Finally, when the 
birds began to sing their mating songs, the diameter of the tubules reached 
its maximum and the formation of spermatozoa was accurately observed 

(Fig. 3). 

In the case of the control specimens, however, the development of the 
testes, even on January 5, remained in the state in which it was at the 
very beginning of the u Yogai”, and the formation of spermatozoa was 
only noticed later m the testes taken from a specimen on May 20, just 
at the outset of the breeding season of the wild birds. 

From the above results of experiment, it may be definitely said that 
spermatogenesis is accelerated by the ” Yogai”, in support of the view of 
Bissonette, who worked on Sturnus vulgaris v . 

dBissonctte, T. H. 1931 loc cit. 
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Fig 1 Section of testis taken [from a specimen on December 1, at the very 
beginning of the 4 Yogai”. X200 

Fig 2. Section of testis taken at random from a specimen on December 15, 15 
days after the beginning of the “Yogai”. X200. The diameter of the seminiferous 
tubule is about 1 5 times that shown m Fig. 1 

Fig. 3 Section of testis taken at random from a specimen, which began to sing 
mating songs, on January 5, 36 days after the beginning of the “ Yogai” x200 

Since I was much interested in knowing how many times the sexual 
maturity could be repeated by the “ Yogai”, in order to begin my work 
along this line, the “Yogai” method was discontinued on April 1, the 
daily period thus returning to the normal conditions. 

It is very interesting to me to state here that on April 14, just two 
weeks after the fi£ Yogai” had ceased, a number of feathers began 
unexpectedly to fall off, and a month later new plumage had completely 
grown. I will discuss this unexpected phenomenon in the next section. 

The birds, with their plumage renewed, were again exposed to the 
action of “ Yogai” from September 1. Since the procedure of the u Yogai ” 
and its results, including the stoppage of it on October 30 and the moulting 
which began on November 15, are exactly the same as in the first 
experiment, the details need not be duplicated here. 

The third Yogai” was begun from December 1, before finishing the 
moulting, and it resulted as on the two previous occasions. 

As just shown, therefore the sexual maturity of Zosterops palpebrosa 
japonica can be repeated at least three times a year by exposure to the 
action of the “ Yogai”, and from this fact it is clearly confirmed that 
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there is an intimate relation between the daily penod and the development 
of sexual maturity. 

II RELATION BETWEEN THE DAILY PERIOD AND THE MOULTING 

In the preceding section, attention was called to the following points : 

1) The regular moulting season of Zosterops palpebrosa japomca lasts 
for about a month ranging from the earlier part of September to that 
of October. 

2) The specimens of the bird under discussion, which attained sexual 
maturity m the course of the “ Yogai" on January 5, unexpectedly began 
moulting after the Yogai ” had stopped on April 1, and also in November 
the second moulting. 

From these facts, it may be considered that, although the moulting 
season of the wild specimens begins oidinarily at the beginning of 
September, it is also compelled to begin as early as m April by shortening 
the daily period, that is, strictly speaking, by stopping the u YogaiA Even 
though it seems to be true that a definite relation may exist between the 
shortening of the daily period and the moulting, as is probably the case 
between the prolongation of the daily period and the acceleration of 
sexual maturity, yet the possible factors which may cause the moulting in 
natural conditions ought to be investigated. On considering first the 
natural environment in which the wild birds undergo moulting from the 
beginning of September, the following factors may be distinguished: 
Climatic change 
Relation with sexual maturity 
Daily period 

Light Period 
Feeding period 

1) With regard to the climatic change, at the beginning of September 
the hot weather of August is just becoming moderate and changing 
towards cold. Yet the periods of moulting, which happened to occur as 
the result of stopping the “ Yogai”, were April and November. In the 
former the weather changes to warm and moderate, while in the latter 
it changes towards the cold winter. From these contradictions, it appears 
to me that climatic conditions, especially temperature, have a very slight 
connection with the moulting. 

2) Concerning the relation with the sexual maturity, the testes of the 
wild specimens were entirely dedifferentiated at the beginning of September 
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(Fig 4), but in the testes of the specimens, which already began the 
moulting in either April or November, respectively, not only were no signs 
of dedifferentiation observable, but also the formation of the spermatozoa 
was still continuing (Fig. 5). 



Fig. 4. Section of testis from a wild specimen caught in the upper part of 
September. x80. 

Fig. 5. Section of testis from a specimen which began the moulting in Apiil 
after the “Yogai” had ceased. x80. 

If the moulting were to occur constantly after finishing the period of 
sexual development, there could never be such a difference between the 
structure of the testes shown in the regular moulting season, after the 
regular breeding season, and that shown in the moulting period after the 
arrival at sexual maturity caused by the “ Yogafi\ Furthermore, in the 
natural condition, the young birds, which hatch in May and which have 
never passed through the first breeding season, invariably undergo moulting 
in September of the same year. This fact seems to confirm most strongly 
the view that there is no direct relation between the full development of 
the testes and the moulting. 

3) The light period in September is shorter than that in the breeding 
season, which usually extends from the middle of May to the latter part 
of July. Consequently, the feeding period is also shorter in the moulting 
season than in the breeding season. These differences in the periods 
suggested to me the view that a shortening of both the light and feeding 
periods might play an important part in causing the moulting. My present 
experiment therefore was made as follows. 
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Material and Method 

The specimens used were 36 in number, and were captured in the 
Chichibu Ranges in June, 1933. All the birds were hatched in May, 
1933. Consequently their first moulting was to occur in September, 1933 
On July 14, these birds were separated into three groups, viz. A, B, and 
C, each group consisting of 12. The light and feeding periods of the 
groups were controlled, respectively, as shown in Table 2. 


Table 2 


Light period 

Feeding period 

Group A 

10 hours 

10 horns 

Group B 

15 hours 

10 horns 

Gioup C 

15 hours 

15 hours 


All the groups were provided equally with the ground food at 6 
o’clock, every morning. Of these groups, Group A was moved to a dark 
room, where the “ Yogai ” was being carried out, every day, at 4 o’clock 
in the afternoon, until 6 o’clock next morning, from the usual room, where 
this group was placed together with other groups in the daytime and 
where the daylight shone in. Thus the feeding period as well as the light 
period of Group A was confined to 10 hours a day. Group B remained 
all day in the usual room, but the food was taken away every day at 4 
o’clock in the afternoon ; the feeding period of this group thus being 10 
hours a day and the light period nearly 15 hours. Group C was placed 
all day in the usual room without removal of the food, so that both the 
light and feeding periods of this group were presumed to be nearly 15 
hours a day. 

I would also have made another group, in which the light period was 
10 hours a day and the feeding period 15 hours. But this group was 
not actually constituted owing to the difficulty that the birds never feed 
in the dark. 


Experimental Results and Remarks. 

The experiment was started on July 14. On July 24, since it was 
noticed that a pair of feathers had fallen off from two birds in Group 
A, I then continued an exact count of the number of falling feathers 




Fig 6 Four stages of the' 
the moulting had begun on Jul> 
27, 2 moulting fairly advanced 
down feathers and contour feat 
completed at the end of August 


Ipebrosa jopomca , in which 
beginning on about July 
on about August 7, 3 new 
of August, 4 moulting 
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beginning from July 25. In the course of time, in Group A, the specimens 
which had begun the moulting increased in number, and on about August 
10 a considerable number of fallen feathers were found. In both Group 
B and Group C, however, any signs of moulting were not recognizable 
until August 22, on which date only one feather from one bird in Group 
B was recorded. On September 7, after 50 days from the beginning of 
this experiment, the moulting became marked even in these groups. 

At the end of August, the moulting of Group A had already passed 
and the new plumage seemed to have been completed (Fig. 6), but Groups 
B and C, with similar slowness, finished moulting nearly 50 days later 
than Group A. The relation between the date and the average number 
of feathers fallen off is shown in Fig. 7. 

1) A comparison of the data from Group A and from Group B 
confirms the fact that the acceleration of the moulting period in Group A 
is due to the light period in the case of Group A being shorter than 
that in the case of Group B. 



July 24 August 18 September 7 September 27 October 17 

Number of days from the beginning of the moulting 


Fig. 7. A graph showing the relation between the number of feathers fallen from 
one bird (average from 12 birds of each respective group, every 5 days), and the 
moulting periods shown by the different groups of the birds. 

2) A comparison of the data from Group A and from Group C 
confirms the fact that the acceleration of the moulting period of Group 
A is due to the light period in the case of Group A being shorter than 
that in the case of Group C. 

3) A comparison of the data from Group B and from Group C 
confirms the fact that the similar delay of the moulting period in both 
groups is caused without regard to the different lengths of the feeding 
period. 
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As we see in the above comparisons, the shortening of the light period 
causes an acceleration of the moulting period, but the length of the 
feeding period appears to have no differential effect on the moulting 
period. It is an interesting conclusion that the moulting period is accelerated 
by a shortening of light period, while the period of sexual development 
to maturity is accelerated by a prolongation of the daily period. 

It ought to be explained here Why the feeding period was confined to 
10 hours a day ? Before the present experiment was undertaken, I had 
previously compared the nutritional difference between the birds of the 
10-hour feeding period and those of the 9-hour period. The latter birds 
became very weakened on the third day and finally died, while the former 
ones were invariably healthy, although sometimes evidently hungry. In 
the present experiment therefore the 10-hour feeding period was preferred 
to place the birds in the maximum condition of under-nourishment without 
causing death. Moreover, the light period and the period of muscular 
exercise are so closely related, that at present these factors cannot be 
perfectly distinguished by experiment, because in the dark the birds make 
no movements, and I was unable to find any adequate method of making 
them exercise without frightening them. Therefore, not only in this 
section but also in the next one, “ light period ” ought to be understood 
as “ light period as well as period of muscular exercise”. 

III. RELATIONS BETWEEN THE SEXUAL MATURATION AND 
VARIOUS FACTORS IN THE DAILY PERIOD 

It has already been mentioned that the sexual maturation of Zosterops 
palpebrosa japonica is caused by a prolongation of the daily period. The 
present experiment was undertaken in order to determine how each factor 
of the daily period is related to the sexual development. 

Of all the factors included in the daily period, the following three 
were selected as the most important ones: 

Light period 
Feeding period 
Temperature 


Material and Method 

All the specimens used in this experiment were captured at the same 
time as those used in the preceding experiment and from the same locality 
and were birds invariably hatched in May, 1933. The rooms used were 
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the usual room, the dark room, and the green house. As to the usual 
room and the dark room, the conditions have already been described. 
The green house was lighted up to the same extent as the usual room. 
The average temperature of these three different rooms, during from 
December 1, 1933, to January 28, 1934, is shown in Table 3. 

The dark room was used only for the “ Yogai ” from 4 o’clock to 8, 
afternoon. The slightly higher temperature in the dark room than in the 
usual room was due to the heat from the electric light. 

Table 3 



Aveiagc of 
maximum 
temperature 

Average 

temperatuie 

Average of 
minimum 
tempei ature 

Gieen hou.se 

24?C 

15. ST 

9°C 

—— 

- — — — 

— - — --- 

-— —•——•*" • 

Usual room 

7 n C 

3.1°C 

-4°C 

Datk room 

— 

_ 

5.3°C 

— 


106 specimens consisting of 80 males and 26 females were divided 
into 6 groups, viz. A, B, C, D, E, and F, the feeding and light periods 
and the temperature of the respective group being limited as shown in 
Table 4. 


Talbe 4 



No. of birds 1 

Male Female 

Feeding 
pel iod 
in houis 

Light period and 
period of muscular 
exercise in hours 

Place 

Respective temperature 
of the places shown in 
Table 3. 

Gioup A 

15 

c i 

34 

» 

Usual room 

Dark room, fiom 4-8 PM. 

Group B 

- 

I '« ! 

10 

14 

Usual room 

Dark room, from 4~ 8 PM. 

Group C 


i 4 

1 I 

30 

10 

Usual room 

Group I) 

10 

| 4 

\ i 

14 

14 

Green house 

Group E 

L t5 _ 

1 3 < 

10 

10 

Green house 

Gioup F 

1 10 

3 

10 

10 

1 Outside, during daytime 

1 Usual room, during night 


Among the groups the experimant was started on Groups A, B, C, E, 
and F from December 1, 1933, but Group D was separated from Group 
C on December 10, thus the experiment with this group was started 10 
days later than the start of the other groups. 
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The daily period in this season was presumed to lie nearly 10 hours. 
For the purpose ol the “ Yogai”, Groups A and R were moved, every 
day, from the usual room to the dark room at 4 oYIoek m the al ternoon, 
the food having been taken away from Group R, and as soon as the 
“ Yogai ” finished at <8 o’clock these groups returned again to the usual 
room. The “ Yogai” of Group 1) was carried on m the green house 
from 4 o’clock to 8, afternoon, and, while the electric lamp was lighted 
the cages of Group E were completely covered with dark cloth. 

Whether or not the birds had attained sexual maturity was determined 
by the following criteria: 

Size of the testes and ovaries 

Histological differentiation of the testes and ovaries 
The singing of the mating songs must he here mentioned. Actually, 
on December 4, I could hear a mating song from one bird ol Group K, 
which was placed in the green house, and next day also from another 
one of the same group. The singing continued (or about 8 days, hut 
after that was never heard again. The histological examination of the 
gonads proved that those were still far from maturity. I thought at first 
that the birds might sing their mating songs even before entering on 
sexual maturity, if they were placed in a suitable, comfortable, and pleasant 
condition. I now, however, doubt whether those songs were real mating 
songs, so that I have decided to omit this criterion, because the two 
criteria mentioned above are quite sufficiently effective to determine the 
degree of the development of sexual maturity, though to do this requires 
a difficult technique. 


Observations 
Notes on December 2, 1933 . 

At the very beginning of this experiment, both the testes and ovaries 
are very small and are, as expected, in an early stage of histogenesis. 
The spermatogonia are distributed in the slender siminiferous tubules, and 
in the intertubular space the pigment and interstitial cellsare richly 
found (Fig. 8). The growth of some of the oogonia had already begun 
(Fig. 9). 

15 Nonidez, J. F. 1924. Studies on the gonad of the fowl. IV The intertubular tissues 
of the testis in normal and hen-feathered cocks. Amer. Journ Anat., Vol. 34, Pp. 359-392. 

2) Rasmussen, A. T. 1928. Interstitial cells of the testis. Special Cytology. New York. 

3 > Bissonette, T. H. 1931. he. cit. 
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FI<», 8 Section ol testis taken fiom a specimen on December 1, 19)13, at the 
beginning of this experiment. X SO 

Fig. 9. Section oi ovary taken hom a specimen on Decembet 1, 1933, at the 
beginning ol this expei intent. X 80 

Notes on December 20, 1933. 

Croups A and B. The testes and ovaries are pretty well developed 
and almost 3 times as large in diameter as those of Groups C, E, and 
F. The lormation of spermatocytes and the diminution of interstitial and 
pigment cells aie observed (Figs. 10 and 12). The oogonia are much 
enlarged (Figs. 11 and 13). 

Groups 0, E, and F. The size and the slate of histogenesis of the 
gonads remain practically the same as those observed on December 1 

Notes on December 30 , 1933. 

Group D. Since the experiment of this group was begun 10 days 
later, December 30 lor this group just corresponds to December 20 for 
the other groups. The degree of development of the gonads is practically 
the same as those of Groups A and B (Figs. 1 1 and 15). 

Notes on January 18 (Groups A, B, C, E, and F) arid on January 
28 (Group D), 193‘L 

The size of the gonads of Groups A, B, and 1) are very much enlarged, 
and measures almost 8 times in diameter that of the other groups, which 
remained nearly unchanged (Fig. 16). 

Groups A, B, and 1). The groups are those exposed to the “ Yogai”. 
In the testes the formation of spermatozoa is observed (Figs, 17, 19, and 
21). In the ovaries the yolk contents of oogonia are considerably increased, 
and the largest one may already he called the primary oocyte (Figs. 18, 
20, and 22). 

Groups C, E, and F. The slate of the histogenesis of the gonads is 
practically the same as that of December 1, 1933 (Figs. 23-28). 
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Fig. 10. Se<iion of testis liom a specimen of Group A on December 20,1933, 
just 20 clays alter the beginning of this experiment ><80 

Fig. 11. Section ol ovary. Group A J)e< ember 20, 1933. x80 

Fig 12. Section ol testis. Group B December 20, 1933 x80 

Fig 13 Section ol ovarv Group B. December 20, 1933 X80. 

Fig. 14 SecLion of testis. Gioup D December 30, 1933 x80 

Fig 15 Section of ovary. Group D. December 30, 1933, x80 

Notes on March 4 , 1934 . 

At the close of this experiment, the size of the gonads of Groups C, 
E, and F, respectively, remained apparently in the same state as those 
taken on January 18, while in the case of the birds of Groups A, B, and 
D, the ovulation was already recognized. Moreover, at the close of this 
experiment, a comparison of nutritional conditions between Group A and 
Group B was made. In both groups no apparent difference was found 
in quantity of fat, and Group B was rather heavier than Group A in 
weight of the respective 5 birds. 

Experimental Results and Remarks 

1) Comparison of Group C and Group F. The approximation of the 
light period, feeding period, and of the temperature brings practically 



K DC B A 

Fig. 16. Testes (uppei) and ovaries flower), to show their real sue 
A, B, G, 1), and E leprosenl xespcctivcly Gioups A, B, C, D, and E. 

A, B, C, and F taken on January 18, and D on January 28, 1934. 

Fig. 17, Section of testis taken from a specimen of Group A on January 18, 
1931-, just 49 days after the beginning of the experiment x 80 
Fig. 18. Section of ovaiy. Group A. January 18, 1934 x 80. 

Fig, 19. Section of testis Group B. January 18, 1934 X 80. 

Fig. 20 Section of ovaiy Group B. Januaiy 18, 1934 X80 

Fig. 21. Section of testis. Group D. January 28, 1934. x80 

Fig. 22. Section of ovary Gioup D. January 28, 1934. x80. 

Fig. 23. SecLion of testis. Group C. Januaiy 18, 1934. X 80 

Fig. 24. Section of ovaiy. Group C January 18, 1934 x80 

Fig 25. Section of testis. Group E. January 18, 1934 x80 

Fig 26. Section of ovary. Group E. January 18, 1934. x80 

Fig. 27. Section of testis. Gioup F. January 18, 1934 80 

Fig. 28 Section of ovary* Group F. January 18, 1931 x80 
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similar results in connection with the sexual maturation. 

2) Compai'ison of Group C or F and Group 0. Hie prolongation ol 
the light and feeding periods as well as the high temperature ol the 
green house appear to accelerate the sexual maturation ol Group I). 

3) Comparison of Group A or I) and Group C or h or K I he 
prolongation of both the light and feeding periods accelerates the sexual 
maturation, without regard to the differential temperature. This results 
is the same as that obtained in the first experiment, viz. that the acceler¬ 
ation of the sexual maturation is due to a prolongation of the daily period. 

4) Comparison of Group E and Group C or F. The dillerential 
temperature has practically no influence to the sexual maturation. 

5) Comparison of Group A and Group I). While the lengths ol the 
light period and of feeding period are constant, the experimental results 
are practically the same, without regard to the influence of the differential 
temperature. 

6) Comparison of Group B and Group K. While the feeding period 
is constant the sexual maturation is accelerated by the prolongation ol 
the light period, without regard to the high temperature. Thus tin* 
temperature may be omitted when we are concerned only with the 
important factors causing the acceleration of the sexual maturation. 

7) Comparison of Group B and Group C or F. While the feeding period 
is the same, the prolongation of the light period undoubtedly accelerates 
the sexual maturation. 

8) Comparison of Group B and Group D. The sexual maturation is 
accurately accelerated by the prolongation of the light period, without 
regard to the differential length of the feeding period or to the differential 
temperature. Thus not only the temperature* hut also the* feeding period 
diminishes in importance. 

9) Comparison of Group A and Group B. The* differential lengths of 
the feeding period do not influence differentially the degree of the* sexual 
maturation, while the length of the light period is constant. Thus the 
feeding period may also be omitted from the important factors. 

At first I was intending to make one more group in which the light 
period lasted 10 hours, and the feeding period 15 hours, a day, but this 
group was not actually made owing to the difficulty stated in the preceding 
section. Fortunately, however, this defect was counterbalanced by a 
comparison of Group B with Groups A and C. 

From the above comparisons, it is confirmed that the light period as 
well as the period of muscular exercise plays the most important role in 
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causing the acceleration of the sexual maturation, while any effect of the 
feeding period and of temperature is quite unappreciable. 

Whenever the birds were moved to the dark room for exposure to 
“ Yogai”, they used to cease muscular exercise, although they were exposed 
to the electric light, and many of them looked very sleepy, placing the 
head behind the perch or the food dish and partly closing the eyes* 
Those of Group A sometimes ate the food, but there were no movements 
visible as seen in the daytime. Those of Group B, from which the food 
had been taken away, used to make no movements, even when one’s hand 
approached them. Thus, the effects of the prolongation of the period of 
muscular exercise appear to me to be much smaller than those of the 
prolongation of the light period. 

SUMMARY 

1) Three experiments were carried out to determine the relations of 
daily period to the sexual maturation and to the moulting of Zosterops 
palpebrosa japonica. 

2) In order to lengthen the daily period, an electric light of 100 watts 
was used. 

3) The sexual maturation is accelerated by a prolongation of the daily 
period* 

4) The sexual maturity can be repeated at least three times a year 
by means of the prolongation of daily period. 

5) Among the factors of the daily period, the light period is most 
important in causing the acceleration of the sexual maturation, while feeding 
period, temperature, and muscular exercise are less important. 

6) A shortening of the light period causes an acceleration of the 
moulting period, but differential length of feeding period has no differential 
effect on the moulting period. 




RELATION BETWEEN THE WEIGHT, VOLUME, AND UNEAR 
DIMENSIONS IN MERETRIX MERETRIX (L.) 

By 


Ikuso Hamai 

Biological Institute , Tdhoku Imperial University , Sendai , Japan 
(With one text-figure) 

(Received July 13, 1934) 


The formulae expressing the relations between the depth (D), height 
(H), weight (W), and length (L) of the molluscan shells, which have been 
given by Nomura 02 ', and which have been further confirmed by Hamai 35 , 
are, respectively, as follows: 

D—aiL' 1 ' -(1) 

H=a,L **-(2) 

W=a,V* -(3) 

where a and b are constants. 

From the formulae in (1), (2), and (3), the following relations may be 
obtained, in which K, ft, and y are constants: 

W—K^HIa 

= K s DIPl\ - (4) 

=K 3 DHU> 

Nomura ' 15 has shown that the relation 

a—ft = y --—- (5) B5 

exists with regard to formulae in (4; in the case of the bivalves, Tapes 
philippinarum and Meretrix (Cytherea) meretrix. 


^Nomura, E. 1926. An Application of a**kb* in Expressing the Growth Relation in 
the Freshwater Bivalves, Sphaerium heterodon Prr,s. Sci. Repts. Tdhoku Imp. Univ,, Biol, 
VoL II, Pp. 5?-62. 

Nomura, E. 1926. Further Studies on the Applicability of a—kb* in Expressing the 
Growth Relations in Molluscan Shells. Sci. Repts Tdhoku Imp. Univ., Biol,, VoL II, Pp. 63-84. 

^ Hamai, I. 1934. On the Local Variation in the Shells of Meretrix meretrix (L.), with 
Special Reference to Growth of Organism. Sci. Repts. Tdhoku Imp. Univ., Biol., VoL IX, 
Pp. 131-158. 

0 Nomura, E. 1928. On the Relation between Weight and tJlihin&ta in the Bivalves, 
Tapes philippinarum and Cytherea meretrix. Sci. Repts. Tdhokit Imp. Univ., Biol., VoL III, 


Pp. 113-124. 
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The present investigation has been undertaken to re-examine the applica¬ 
bility of formulae in (4) and (5), then to test whether or not a similar 
relation can also exist between the volume and the linear dimensions, and 
finally, to ascertain the weight-volume relation from the weight-length and 
volume-length relations. This investigation has been made at the suggestion 
of Prof. E. Nomura to whom I wish to express my hearty thanks for his 
kind guidance during the course of this work. 

WEIGHT-RELATION WITH THREE LINEAR DIMENSIONS 

For the purpose of the re-examination of the relations, 12 tables (Tables 
4-13, 16, and 17), out of 15 given in my previous paper ' 0 are referred 
to, the remaining 3 (Tables 3, 14, and 15) being omitted because of the 
insufficient number of individual specimens available. 

As shown together in Table 1, the calculated values of the respective 
exponents, o, /?, and y in formulae in (4), indicate that relation (5) holds 
good approximately when we are concerned only with one habitat, but 
the value of the exponents differs according to the difference in locality. 

Table 1. 


Place I a 

Saizy6-Mati 0.73 

Turesima-Mati ! 0.46 

Takamatu-Mati 0.89 

Rydkai-Mura 0.79 

Yatuya-Mati 0.67 

Yatusiro-Mall 0,59 

Tokusima 0.67 

Ozi-Mura . 0.66 

Kawagoe-Mura 0.51 

Kankawa ; 0.72 i 

Watanoha-Mati 0.98 1 

Kusatu-Mati 0.78 I 



r 1 

Average 

0.72 

0.73 

0.73 

0.39 

0.40 

0.42 

0.87 

0.89 

0.88 

0.78 

0.79 

0.79 

0.64 

0.67 

0 60 

0.51 

0.55 

0.55 

0.64 

0.68 

j 0 66 

0.64 

0.67 

0.66 

0.46 

0.51 

0.49 

0.6S 

0.71 

0.70 

0.98 

0.98 

0.98 

0.73 

0.76 

0.76 


YOLUME-RELATION WITH THREE LINEAR DIMENSIONS 

The volumetric determination was carried out by using the volumetric 
apparatus shown in Fig. 1. This apparatus is composed of a funnel-tube 


® Hamai, I. 1934 loc. at. 
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A with a narrow side tube B, a burette D, and a rubber tube C connecting 
A and D. The funnel-lube was large enough to contain a clam of 
considerable size. In order to keep the water level constant when the 
apparatus contains water, a circular line was marked round the side tube, 
the calibre of which was as wide as that of the burette. The latter was 
easily movable vertically. The wall of the rubber tube was thick enough 
to prevent any swelling due to the pressure of water: such swelling would 
make the measurements incorrect. 

At first, the apparatus was filled with tap water 
to the level of the circular line on the side tube, and 
the scale on the burette was then read. A clam was 
then gently introduced into the funnel-tube, the burette 
was moved downwards until the water level again 
reached the circular line on the side tube, and a 
reading of the burette was again taken. The difference 
in the two readings of the burette was taken as the 
volume of the clam. The volume taken is the total 
displacement of each perfectly closed clam and is 
calculated accurately to one decimal place in cc. 

Since the volume-length relation can also be 
formulated similarly as in the case of the weight- 
length relation (3), 

V=aJS* -(6) 

where V denotes volume. In the real value of a t and of 
6 4 , the formulae relating to the specimens collected 
from the 3 different places (Tables 4, 5, and 6) are 
as follows: 

Saizyo-Mati F-0.232L 2 ' 77 

Turesima-Mati F=0.179L 2 *^ 

Takamatu-Mati V= 0.186L 2 * 82 

To express the relations between the volume and the three linear 
dimensions D , H, and L, exactly similar formulae those in (4) also applied, 
being derived from (1), (2), and (6), hence 
V=K ,D*HL\ 

—KzDH^L -(7) 

^KJDHU) 

The calculated results of /3, and y are shown together in Table 2, 
and this table shows that the relation found in the case of the weight is 
also applicable to that of the volume. 


A B 



Fig. 1. Volu¬ 
metric appaiatus. 
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Table 2. 


Place 

a i 


V 

Average 

Saizy6-Mati 

0.82 

0.81 

0.82 

GO 

O 

Turesima-Mati 

0.87 

0.85 

0.85 ! 

0.86 

Takamatu-Mati 

0.95 

0.94 

0.95 

0.95 


WEIGHT-VOLUME RELATION 

From (3) and (6), the weight-volume relation 

W=a-y * 8 -(8) 0) 

may be obtained. As to the above three places, where the real values 
of a and b are, respectively, recapitulated in Table 3, the following are 
the actual relations found, namely 


Table 3 


Place 

Volum< 

rela 

a A 

3-leu gth 
tion 

b 4 

| Weigh 
rela 

t-length 

tion 

th 

Saizyd'Mati 

0.232 

2.77 

0.188 

2.68 

Turesima-Mati 

0.179 

2.95 

0.227 

2.50 

Takamatu-Mati 

/ 

0.186 

2.82 

0.201 

2.76 


Saizo-Mati W=0.776 V°-"b 

Turesima-Mati W=0.980 F°- s 4-(9) 

Takamatu-Mati W= 1.045 F 0 - M J 

As seen in the formulae of (9), the values of the exponent, accordingly, 
differ with the locality, and the weight-volume relation is, generally, not 
linear. 


SAMMARY 

1. In the shells of Meretrix meretrix, the following relations are 
approximately true: 

U=K t D°HL 

=K,DBL 

__ =KJ)HU 

® cu — -- P -- and h- — ^ 

^ ' by 
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where U is weight or volume, D, H , and L, respectively, the depth, 
height, and length of the clam-shell, and K and £ are constants. 

2. The value of £ differs according to the locality. 

3. The value of the constant b varies according to the locality and 
is expressed by the formula, W=aV\ where W and V indicate, respect¬ 
ively, weight and volume, a being another constant. 

4. The differential value of the constants £ and b respectively may 
reveal that the shell development varies according to the environmental 
conditions. 


TABLES AS THE BASES OF CALCULATION 

Table 4. Saizyo-Mati, Ehime-Ken. 
Collected on Nov. 20, 1932. 


Length 
in cm. 

Depth 
in cm. 

Height 
in cm. 

Weight 
in gm. 

Volume 
in cc. 

Length 
in cm. 

Depth 
in cm 

Height 
in cm. 

Weight 
in gm. 

Volume 
in cc. 

3.10 

1.49 

2.15 

3.9 

5.4 

4 04 

2.03 

3.37 

8.4 

11.5 

3.16 

1.51 

2.66 

3.8 

5.1 

4.04 

2.05 

3.37 

7.3 

11.3 

3.32 

1.62 

2.84 

5.1 

6.6 

4.05 

2.04 

3.34 

7.1 

11.1 

3.40 

1.65 

2.81 

4.0 

6.3 

4.05 

2.05 

3 37 

7.8 

11.5 

3.41 

1.73 

2.88 

5.8 

7.3 

4.05 

1.95 

3.24 

7.2 

10.6 

3.61 

1.76 

3.04 

6.1 

8.0 

4.06 

2.08 

3.33 

8.2 

11 4 

3.64 

1.80 

3.08 

5.0 

8.5 

4 08 

2 03 

3.29 

7.8 

11.7 

3.65 

1.79 

3.03 

6.1 

. 8 7 

4.09 

2.05 

3.38 

8.9 

11.2 

3.65 

1.85 

3.19 

6.3 

8.8 

4.11 

2.03 

3.38 

8.5 

11.8 

3.68 

1.90 

3.22 

6.7 

9.2 

4.12 

2.10 

3.32 

8.0 

11.8 

3.68 

1.76 

3.07 

5.7 

8.4 

4.12 

2.06 

3.52 

9.7 

12.5 

3.71 

1.87 

3.06 

7.2 

8.9 

4.15 

2.15 

3.57 

8.5 

13.4 

3.75 

1.87 

3.19 

6.5 

9.7 

4.15 

2 04 

3.43 

8.2 

11.9 

3.76 

1.92 

3.21 

7.1 

9.7 

4.15' 

2.06 

3.39 

8.9 

11.5 

3.78 

1.85 

3.18 

6.8 

8.7 

4.15 

1.92 

3.42 

8.8 

11.3 

3.79 

1.94 

3.10 

6.6 

9.5 

4.15 

2.25 

3.46 

8.7 

12.5 

3.80 

1.90 

3.15 

7.1 

9.1 

4.17 

2.04 

3.47 

8.8 

11.8 

3.81 

1.80 

3.21 

7.0 

8.3 

4.17 

2.06 

3.44 

7.8 

12.3 

3.82 

1.97 

3.15 

6.8 

9.6 

1.17 

2.03 

3.47 

9.8 

11.9 

3.85 

1.80 

3.24 

7.7 

9.4 

4.20 

2.17 

3.38 

8.3 

12.7 

3.86 

1.88 

3.19 

6.1 

9,4 

4.21 

2.12 

3.53 

10.2 

13.1 

3.87 

1.90 

3.18 

6.2 

9.6 

4.21 

2.08 

3.44 

9.0 

14.3 

3.88 

1.84 

3.14 

7.4 

9.7 

4.25 

2.06 

3.57 

1 9.4 

12.5 

3.88 

1.91 

3.25 

6.8 

9.6 

4.25 

2.12 

3,61 

11.0 

12.9 

3.90 

1.89 

3.27 

6.4 

9.9 

4.25 

2.13 

3.57 

i 10.4 

12.5 

3.91 

1.90 

3,25 

8.2 

9.9 

4.27 

2.27 

3.53 

1 10.5 

13.1 

3.93 

1.99 

3.20 

7.5 

10.4 

4.31 

2.03 

3,69 

, 9.9 

13,2 

3.93 

1.97 

3.22 

7.5 

10.5 

4,31 

2.09 

3.39 

1 8,0 

12,0 

3.94 

1.89 

3.13 

6.6 

10.1 

4,31 

2.31 

3.63 

11.4 

14.4 

3.95 

1.86 

3.39 

7.4 

10.4 

4.31 

2.12 

3.38 

8.0 

12.4 

3.95 

1.91 

3.26 

7.7 

10.3 

4.32 

2,08 

3.61 

9,8 

13.3 

3.96 

1.94 

3.20 

6.6 

9,7 

4,33 

2.17 

4.03 

9,5 

13.2 

3.96 

1.84 

3.23 

7,8 

9,5 

4.38 

2.13 

3.48 

1 10.4 

13.2 

3.97 

1.93 

3.34 

6.5 

10,3 

4.39 

2,27 

3,54 

1 10.1 

14.3 

3.98 

1.93 

3.38 

7.8 

10,2 

4,40 

2.24 

3.69 

9.0 

35.4 

4.02 

1.91 

3.33 

8.7 

10.9 

4,41 

2,18 

3.87 

12.7 

14.9 

4.03 

1.98 

3.29 

7,2 

10.7 

4.50 

2.16 

3,72 j 

9.6 

‘ 14.8 
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4.50 

2.24 

4.52 

2.10 

4.54 

2.23 

4.54 

2.24 

4.55 

2.09 

4.58 

2.37 

4.58 

2.35 

4.05 

2.37 

4.68 

2.32 

4.78 

2.41 

4.80 

2.47 

4.80 

2.23 

4.83 

2.44 

4.00 

2.40 


3.68 

12.0 

3.71 

10.1 

3.71 

11.2 

3 SO 

9.8 

3.65 

10.7 

3.72 

10.9 

3.80 

12.1 

3.77 

12.1 

3.86 

12.1 

3.88 

11.5 

3.96 

13.1 

3 86 

11.7 

4.03 

13.7 

3.90 

11.9 


I. HAMAI 


16.0 

4,90 

14.7 

4.90 

15.1 

4.91 

15.1 

4.91 

14.0 

4.92 

15.8 

4.97 

16.9 

4.98 

16.9 

5.07 

16.5 

5.10 

18.1 

5.13 

19.5 

5.17 

16.4 

5.30 

18.4 

5.50 

18.3 



2.30 

3.94 

2.43 

4.02 

2.60 

4.17 

2.49 

3.99 

2.50 

4.13 

2.41 

4.03 

2.55 

4.03 

2.47 

4.23 

2.38 

4.05 

2.40 

4.14 

2.44 

4.11 

2.67 

4.24 

2.60 

4,43 


12.3 

17.9 

16.0 

19.2 

14.6 

21.4 

12.8 

19.6 

11.7 

20.1 

14.3 

19.0 

13.3 

20.9 

15.8 

21.1 

12.9 

20.1 

12.3 

20.5 

14.2 

20.4 

20.3 

23.8 

17 6 

24.8 


Table 5. Turesima-Mati, Okayama-Ken. 
Collected on Nov. 19, 1932. 


Length 
in cm 

Depth 
in cm 

| Height 
| in cm. 

Weight 
m gm. 

Volume 
in cc. 

Length 
in cm. 

Depth 
in cm. 

Height 
in cm 

Weight 
in gm. 

Volume 
in cc. 

2.76 

1.37 

! 2,21 

2.8 

3.6 

3.12 

1.58 

2.60 

4.1 

5.2 

3.80 

1.31 

1 2.29 

2.8 

3.7 

3.13 

1.49 

2.54 

3.6 

5.2 

2.81 

1.36 

2.37 

3.3 

4.0 

3.14 

1.57 

2 62 

4.2 

5.3 

2.81 

1.36 

2.33 

2.8 

3.8 

3.15 

1.54 

2.57 

4.0 

5.2 

2.85 

1.4 G 

2.36 

3.5 

4.2 

3.15 

1.48 

2.54 

3.7 

4.9 

2.87 

1.43 

2.35 

3.3 

4.0 

3 17 

1.59 

2.63 

3.9 

4.6 

2.89 

1.35 

2.36 

3.2 

3 9 

3.17 

1.53 

2.58 

4.0 

5.2 

2.89 

1.44 

2.52 

3.0 

4.4 

3.18 

1.60 

2.59 

4.0 

5.3 

2.91 

1.47 

2.41 

3.7 

4.4 

3.19 

1.62 

2.63 

4.4 

5.6 

2.92 

1.45 

2.42 

3.3 

4.3 

3.19 

1.55 

2.57 

4.0 

5.4 t 

2.92 

1.37 

2.34 

3.1 

3.7 

3.19 

1.72 

2.64 

4.9 

5.7 

2.92 

1.41 

2.39 

3.4 

4.3 

3.20 

1.62 

2.65 

4.1 

5.3 

2.92 

1 41 

2.40 

3.0 

4.2 

3.20 

1.59 

2.62 

4.1 

5.4 

2.95 

1.36 

2.42 

3.3 

4.2 

3.20 

1.62 

2.60 

4.0 

5.5 

2.97 

1.49 

2.43 

3.6 

4 5 

3.22 

1.75 

2.63 

4.4 

6.2 

2.99 

1.40 

2.42 

3.5 

4.3 

3.22 

1.66 

2.67 

5.2 

5.0 

3.00 

1.49 

2.40 

3.5 

4.6 

3.23 

1.61 

2.61 

4.1 

5.4 

3.00 

1.49 

2.50 

3.6 

4.6 

3.24 

1.60 

2.72 

4.5 

0.0 

3.01 

! 1.43 

2.43 

3.3 

4.5 

3.24 

1.62 

2.56 

4.1 

5.6 

3.01 

1.44 

2.40 

3.6 

4.4 

3.25 

1.66 

2.60 

4.1 

5.4 

3.01 

1.44 

2.44 

3.6 

4,4 

3.25 

1.63 

2.70 

4.2 

6.0 

3.02 

1.50 

2.50 

3.3 

4.7 

3.25 

1.62 

2.70 

4.7 

6,4 

3.02 

1.45 

2.48 

3.7 

4.7 

3.28 

1.67 

2.66 

4.5 

5.7 

3.03 

! 1.55 

2.53 

3.9 

5.0 

! 3.29 

1.70 

2.68 

4.3 

6.1 

3.04 

1.53 

2.55 

4.0 

4.8 

! 3.30 

1.68 

2.68 

4.2 

6.0 

3.05 

1.45 

2.52 

3.5 

4.5 

3.30 

1.66 

2.67 

4.1 

5,9 

3.05 

1.53 

2.47 

3.6 

5.0 

3.30 

1.66 

2.70 

4.3 

6.1 

3.06 

1.52 

2.58 

3.8 

5.1 

3 30 

1.60 

2.73 

4.1 

6.0 

3.07 

1.51 

2.49 

4.0 

4.9 

3.32 

1.62 

2.81 

4,8 

6a 

3.07 

1.50 

2.56 

3.6 

4.8 

3.32 

1.72 

2.72 

5.7 

6.3 

3.07 

1.52 | 

2.51 

3.7 

4.8 

3.34 

1.69 

2.70 

4.3 

6.2 

3 08 

1.53 ; 

2.47 

3.9 

5.2 

3.34 

1.70 

2.71 

4.7 

6.2 

3.08 

1.53 [ 

2.52 

3.7 

5.0 

3.34 

1.69 

2.69 

4.2 

5.8 

3.10 

1.56 | 

2.60 

4.1 

5.0 

3.34 

1.69 

2.74 

4.6 

6.6 

3.10 

1.57 | 

2.58 

4.0 

5.3 

3.35 

1.69 

2.79 

4.8 

6.3 

3.10 

1.68 < 

2.60 

4.3 

5.6 

3.36 

1.62 

2.72 

4.5 

6.0 

3.11 

1.46 I 

2.59 

3.6 

4.9 

3.37 

1.76 

2.84 

5.5 

6.6 

3.11 

1.53 1 

2.55 

3.8 

5.1 

3.38 

1.68 

2.78 

4.7 

6.2 
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3.38 

1.71 

2.82 

5.4 

6.7 

3.61 

1.78 

3.06 

5.9 

8.0 

3.38 

1.71 

2.72 

4.9 

6.4 

3.66 

1.90 

3.02 

5.8 

8.5 

3.40 

1.73 

2 74 

4.6 

6.7 

3.68 

1.S7 

2.99 

6.6 

8.6 

3.40 

1.72 

2.78 

4.7 

6.7 

3.68 

1.81 

3.00 

5.9 

7.9 

3.41 

1.74 

2.77 

5.4 

6 7 

3.69 

1.88 

2.96 

5.5 

8.2 

3 42 

1.71 

2.85 

4 9 

6.8 

3.71 

1.85 

3.04 

6.4 

8.7 

3 42 

1.70 

2.87 

5.0 

6.9 

3.71 

1.92 

3.08 

6.1 

8.9 

3.43 

1.74 

2.85 

4.8 

6.9 

3.72 

1.88 

3.06 

5.6 

8.6 

3.44 

1.79 

2.75 

4.5 

6.8 

3.73 

1.84 

3.08 

6.0 

8.7 

3.45 

1.74 

2.91 

6 0 

7.2 

3.73 

1.78 

3.02 

5.6 

8.1 

3.4^ 

1 78 

2.81 

4.6 

7.0 

3.74 

1.95 

3.03 

6.3 

9.1 

3.46 

1.75 

2.91 

5.2 

7.0 

3.77 

2.06 

3.18 

5.9 

9.9 

3.47 

1.69 

2.83 

4.4 

6.8 

3.78 

1.96 

3.06 

6.7 

9.0 

3 48 

1 69 

2.S5 

4 8 

7.0 

3.79 

1.96 

3.11 

6.1 

9.3 

3.48 

1.81 

2.92 

5.5 

7.5 

3.80 

1.84 

3.10 

6.1 

8.7 

3.48 

1.74 

2.77 

5.2 

6.9 

3.81 

1.81 

2.97 

5.8 

8.3 

3 40 

1.70 

2.89 

5.8 

7.1 

3.81 

1.84 

3.14 

5.0 

8.8 

3 50 

1.70 

2 85 

5.3 

7.1 

3.83 

1.90 

3.11 

7.2 

9.1 

3.50 

1.69 

2.75 

4.9 

6.8 

3.84 

2.11 

3.15 

7.4 

10.5 

■ 3.51 

1.72 

2.97 

5.1 

7.3 

3.84 

1.91 

3 16 

6.4 

9.4 

3.51 

1.72 

2,86 

5.8 

7.0 

3 85 

2.03 

3.20 

7.5 

10.1 

3.51 

1.75 

2.98 

5 7 

7.4 

3 86 

1.96 

3.30 

7.0 

9.2 

3.52 

1.84 

2.87 

5.8 | 

7.4 

3.87 

1.90 

3 10 

6.2 

9.3 

3.53 

1.76 

2.91 

5 3 

7.2 

3.89 

1.94 

3.18 

7.0 

9.9 

3.53 

1 84 

2.90 

5.3 

7.9 

3.90 

1.98 

3.31 

7.9 

10.4 

3.53 

1 1.68 

2.80 

5.2 

6.9 

3.91 

1.91 

3.19 

7.5 

9.8 

3.55 

1.75 

2.89 

5.6 

7.4 

3.92 

2.03 

3.23 

6.9 

10.0 

3.55 

1.70 

2.91 

5.0 

7.2 

3.93 

2 03 

3.20 

6.7 

10.3 

3.56 

1.86 

2.95 

5.8 

7.7 

3.95 

2.05 

3.23 

6.4 

10.5 

3 58 

1.69 

2.86 

5.4 

7.1 

3.97 

1.99 

3.22 

7.1 

10.3 

3 58 

1.80 

2.88 

5.2 

7.7 

3.98 

2.03 

3.23 

8.0 

10.6 

3 61 

1.84 

2.97 

6.4 

8.0 

4.01 

1.98 

3.10 

6.0 

9.8 

3.63 

1.86 

3.02 

5.5 

S.5 

4.13 

2.14 

3.37 

7.1 

12.5 

3.63 

1.89 

3.05 

5.5 

8.8 

i 4.18 

2.17 

3.39 

7.9 

12.2 


Table 6. Takamatu-Mati, Isikawa-Ken. 
Collected on Oct. 14, 1932. 


Length 

Depth 

Height 

Weight 

Volume 

Length 

Depth 

Height 

Weight 

Volume 

in cm. 

in cm. 

in cm. 

in gm. 

in cc. 

in cm 

in cm. 

in cm. 

in gm. 

in cc. 

3.71 

! 1.65 

3.03 

7.6 

7.6 

4.60 

1.93 

3.54 

12.7 

12.6 

4.05 

1,86 

3.25 

9.8 

9.8 

4.61 

1.90 

3.60 

12.1 

12.7 

4,30 

1.96 

3.44 

11.1 

11.8 

4.61 

2.05 | 

3.62 

13.5 

13.6 

4.25 

1.95 

3.41 

11.8 

12.0 

4.62 

2.08 , 

3.63 

13.2 

13.9 

4.35 

1.90 ! 

3.35 

11.0 

11.5 

4.64 

2.03 I 

3.66 

13.2 

13.9 

4.41 

2.11 I 

3.61 

13.7 

13.7 

4.65 

2.17 

3.76 

15.2 

15.6 

4.43 

1.97 

3.43 

12.0 

12.0 

4.65 

2.06 

3.68 

13.9 

14.2 

4.47 ! 

1.96 

3.45 

11.8 

12.2 

4.66 

2.01 

3.60 

12.9 

13.3 

4.49 

1.94 

3.45 

12.4 

12.4 

4.69 

2.04 

3.73 

14.3 

14.2 

4.51 

2.04 

3.65 

12.7 

13.2 

4.71 

2.12 

3.62 

14.0 

14.4 

4 51 

2.08 

3.56 

13.5 

13.7 

4.71 

2.08 

3.72 

14.3 

14.9 

4.52 

1.98 

3.44 

11.6 

12.0 

4.72 

2.18 

3.67 

15.1 

15.2 

4.52 

2.00 

3.48 ! 

12.0 

12.6 

4.73 

2.08 

3.70 

14.4 

14.7 

4.52 

2.03 

3.53 

12.7 

12.8 

4.73 

2.10 

3.62 

14.3 

14.5 

4.53 

2.00 

3.53 

13.4 

12.9 

4.76 

2.16 

3.78 

15.3 

15.3 

4.54 

2.01 

3.62 | 

13.2 

13.6 

4.77 

2.31 

3.86 

16.2 

16.3 

4.59 

2.00 

3.53 

13.0 

13.0 

4.78 

2.12 

3.67 

14.6 

14.7 

4.60 

2.04 

3.62 

13.5 

13.5 

4.79 

2 18 

3.71 

14.4 

15.1 
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Length 
in cm. 

Depth 
in cm 

Height 
in cm 

Weight 
in gm 

Volume 
in cc. 

Length 
in cm. 

. ... 

Depth 
in cm. 

Height 
in cm 

Weight 
in gm. 

Volume 
in cc 

4.79 

2.15 

3.03 

15.2 

15.0 

i 

; 5.02 

2.38 

3.94 

17.8 

19.0 

4.79 

2.29 

3.70 

15.7 

16.1 

: 5.03 

2.25 

3.80 

15.5 

17.1 

4.81 

2.OS 

3.72 

15.1 

16.0 

5.03 

2.28 

4.06 

17.7 

16.6 

4.81 

2.28 

3.83 

16.6 

16.8 

5.06 

2.13 

3.81 

16.0 

15.8 

4.85 

2.29 

3.76 

16.8 

16.6 

5.06 

2.21 

3.89 

17.0 

17.9 

4.85 

2.17 

3.81 

15.3 

16.0 

5.08 

2.36 

3.94 

18.2 

19.3 

4.85 

2.34 

3.77 

17.4 

17.5 

5.09 

2.42 

3.92 

18.7 

19.1 

4.85 

2.16 

3.76 

15.6 

15.9 

5.09 

2.24 

3.92 

17.9 

17.6 

4.85 

2.15 

3.82 

15.8 

15,5 

5.10 

2.25 

8.86 

IS 2 

17.6 

4.S7 

2,11 

3.62 

14.3 

15.0 

■ 5.10 

2.29 

4.00 

17.2 

18.7 

4.8S 

2.32 

3.77 

16.6 

17.7 

5.10 

2.29 

3.96 

18.0 

18.8 

4.8S 

2.27 

3.93 

18.2 

17.7 

5.11 

2.30 

3.83 

17 1 

17.7 

4.90 

2.14 

3.83 

15.7 

15.6 

5.12 

2.35 

4.01 

18.5 

18.9 

4.90 

2 27 

3.72 

16.1 

16.5 

5.12 

2.33 

3.91 

18.3 

18.6 

4.90 

2.32 

3.86 

18.1 

17.7 

5.13 

2.31 

8.99 

18.7 

19.3 

4.92 

2.32 

3.84 

18.3 

17.4 

5.15 

2.38 

4.05 

18.9 

19.8 

4.94 

2.20 

3.91 

15.6 

16 4 

1 5 16 

2.30 

4.18 

20 0 

19.3 

4 95 

2,20 

i 3.80 ; 

16.7 

! 16.7 

5.17 , 

2.50 

4.07 

21.1 

20.9 

4 96 

2.30 

! 3.85 

16.7 

17.1 i 

5.18 

2.41 

4.14 

21 1 

21.1 

4 97 

2.21 

3.86 

17 3 

17.3 ; 

5.21 , 

2.26 

8.90 

18.2 

18.6 

4.97 

2 .*29 

3.SO 

16 6 

17.4 ; 

5.22 ; 

2.45 

3.94 

19.4 

20.1 

4.98 

2.19 

3.88 : 

i5.4 : 

17.0 i 

1 5.25 : 

2.30 

4.01 

19.2 

19.6 

4.98 

2.20 | 

3.78 

16.1 

16.4 ! 

1 5.26 ; 

2.30 

8 93 

17.9 

18.9 

4.99 

2.20 

3.88 , 

16.5 ! 

16.3 

5.30 , 

2.39 

3.95 

18.9 

20.0 

4.99 

2.20 

3.73 

16.2 

16.4 | 

5.81 

2.40 

4.16 

20.8 

21.6 

5.00 

2.21 ! 

3.95 1 

18.0 

17.7 

5.33 

2.46 

4.08 i 

20.2 

21.5 

5.00 

2.31 

3.91 , 

IS.5 

18.1 

5.33 

2.29 • 

4.00 

18.6 1 

19.4 

5.01 

2.29 1 

3.86 | 

17.0 

17.5 

5.34 

2.40 

4.09 

21.3 

21.1 

5.01 

2.27 : 

3.90 

16.7 

17.5 

5.39 

2.40 

4.05 

19.5 

20.9 

5.01 , 

2.24 , 

8.89 

16.9 

17.5 

5.41 i 

2.56 

4.26 

23.0 

23.2 

5.01 

2.20 

3.94 

18.4 

17.9 

5.43 , 

2.41 

4.11 , 

20.5 

21.4 

5.02 

2.26 | 

3.97 

19.0 

17.1 

5.45 

2.41 , 

4.19 1 

21.4 

22.3 

5.02 

2.16 

3.90 

17.1 

17.1 

5.48 

2.35 

4.16 

1 20.8 

! 21.4 

5.02 

2.32 

3.92 

17.0 

18.7 

5.49 ■ 

2.35 

, 4.08 

; 21 3 

: 2i.4 
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The innervation of the heart of Crustacea have been already studied 
by Alexandrowicz (’26, ’32) and Newmywaka (’28). But their studies 
were on the heart of Decapods. There is no paper, as far as I am aware, 
on the studies of the innervation of the Isopods-heart. 

Ligia exotica (Roux) belongs to Oniscoidae of Isopoda , Crustacea , and 
is commonly found on the sea-shore of Japan. 

The present paper deals with the innervation of the heart of Ligia 
exotica which has been observed since 1933 at the Mitsui Institute of 
Marine Biology. 


MATERIAL AND METHOD 

The material, Ligia exotica (Roux), was collected from the beach in 
the neighbourhood of the Institute. 

The thorax and abdominal segments were cut away carefully so as not 
to injure the heart and the arteries. Then the heart with surrounding 
tissues was dissected out and fixed in Bouin’s-, Flemming’s-, Zenker’s-soIu tion, 
acetic sublimate, or pyridine. The materials were embedded in paraffin 
and sectioned serially in the thickness of 8 —12 For the staining, 

Delafield’s haematoxylin with eosin, Heidenhain’s iron-haematoxylin, 
Mallory’s triple connective staining mixture, and phosphotungstic haema¬ 
toxylin were applied. Vital staining with methylene blue and Rongalit 
white were also tried, without success for the muscles of the heart contain 
too many granules. 


OBSERVATION 

The nerve of this Isopode runs along the ventro-median line of the 
body. The sixth and seventh thoracic ganglion contact each other. The 
abdominal ganglion is the largest except the brain and gives off six pairs 
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of nerve branches (Fig. 1). Anterior four pairs of nerve branches run 
side-way but other two pairs run to posterior part of the body along the 
digestive canal. Multipolar nerve cells are situated on the ventral surface of 

the ganglion and measure about 33^40 ft in 
width, 58~75 in length. The nerve cell 
contains a large nucleus which has one or 
two clear nucleolus. The nucleus of the 
nerve cell measures about 18/* in diameter. 

Along the dorso-median line of the body, 
a thm-walled tube runs straightly. The 
posterior part of this tube swells and ends 
blindly. This swelled part of the tube is 
the heart of the worm. The heart ends in 
the fifth abdominal segment blindly and 
gives off side-way four pairs of arteries. 
From the most anterior part of the heart, a 
stout artery, median artery, starts towards 
the anterior of the thorax and it reaches to 
the head region. On the dorsal wall of the 
heart are two ostia. 

The walls of the side-arteries and anterior 
portion of the median artery are very thin 
and consist of one-layered tissue. The wall of 
the posterior part of the median artery is thicker than that of other 
arteries but very thinly muscular in comparison with that of the heart. 
At the branching place of each artery from the heart, a muscular clap 
was seen. The heart muscles are striated and almost all of them run 
rectangular to the long axis of the heart. 

A nerve fibre bundle runs straightly along the median line of the heart 
and surpasses almost all of the length of the heart. The nerve fibre 
bundle is situated in the dorsal wall of the heart to its inner surface. This 
nerve bundle may be called “ ganglionic trunk ” as named by Alexandrowicz 
in Decapods. 

The ganglion cells in the heart were discovered (Fig 2), and their number 
was found to be constant, six ganglion cells. These ganglion cells arrange 
themselves straightly along the nerve fibre bundle in the heart. The third 
and fourth ganglion cells from the anterior are connected with each other 
(Fig. 2). Figure 3 diagrammatically illustrates the distribution of these 
ganglion cells in the heart. 




Fig 1 Diagram to show 
the abdominal ganglion. ADG. 
Abdominal ganglion; NB. nerve 
branches, TG. thorax ganglion. 



GANGUON CELLS OF THE HEART 
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Fig 2 Photogiaph to show the duect < on tact of the third 
and fouith ganglion colls in the heart Lo gitudmal section x,320 


The ganglion cell is multipolar in shape, 
takes a dark violet or black colour with 
haematoxylm staining, and measures about 
35 /* in width and 63 — 70/* in length 
Nucleus of the ganglion cell is very large, 
round in shape and measures about 17/* in 
diameter. One clear nucleolus in the center 
of the nucleus was found in each case. I 
could not decided how the nerve processes 
of the ganglion cell end in the muscles of 
the heart. 

The nerve fibres which enter the heart 
seems to be of two pairs. The first pair of 
nerve fibre originates from the first nerve 
branch of the abdominal ganglion and the 
second fibre from the third branch of the 
same ganglion. They pass between the 
muscle bundles and enter the heart at the 
mid-dorsal wall of the heart (Fig 4). The 
first pair of nerve fibre communicates with 
that of the heart at the anterior portion of 



Fig 3 Diagram to show the 
distribution of the ganglion 
cells in the heart A arteries; 
GC ganglion cells; GT. gan¬ 
glionic trunk, MA median 
artery, O ostium 
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the first ganglion cell of the heart and the second pair at the middle 
portion between the second and third ganglion cells. Near the heart, the 
first nerve fibre possesses two nerve cells but the second fibre possesses 



Fig 4. Semidiagfammatical figure to show the neive fibre 
which enter the heart. ADG abdominal ganglion, DC. digestive canal; 

GT. ganglionic trunk, H. heart, HP. hepatopancieas, MB muscle 
bundles, NB nerve blanch; NC. nerve cells. 

only one cell on each nerve fibre. These nerve cells situated along the 
nerve fibre and are elongated, bipolar in shape and a little smaller than 
that of the abdominal ganglion. 


SUMMARY 

1. The gross anatomy of the abdominal ganglion and the heart is 
given. 

2. A nerve fibre bundle which contains six ganglion cells runs along 
the dorso-median line of the heart. 

3. Ganglion cells in the heart are multipolar in shape and arrange 
themselves straightly along the nerve fibre bundle in the heart, 

4. Two pairs of nerve fibre enter the heart from the mid-dorsal wall 
of the heart. Near the heart, the first pair of nerve possesses two nerve 
cells but the second only one cell on each fibre. 
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The fauna of the fresh-water sponges of Hokkaido seem have hitherto 
remained almost unknown. 

In the Autumn of 1933, I made a trip to Hokkaido and tried to collect 
the sponges of that group in several lakes, ponds and rivers. 

Thus I was able to obtain eight species in all which are shown in the 
following list. Of these eight species, six are identical with those previously 
known, while the remaining two are here described for the first time. 

In the present report I shall deal with these species. 

1. Spongilla lacustris (Linne). 

2. Spongilla shikaribensis, n. sp. 

3. Spongilla fragilis Leidy. 

4. Spongilla akanensis , n. sp. 

5. Ephydatia fluviatihs (Linne). 

6. Ephydatia miilleri (Lieberkuhn). 

7. Ephydatia miilleri var. japomca (Hilgendorf). 

8. Heteromeyenia baileyi var. petri (Lauterborn). 

It is my pleasant duty to express my hearty thanks to Professor 
Hozawa who has courteously helped me many times during the course 
of my investigation. 


1. Spongilla lacustris (Linne) 

(PL IV, Figs. 1, 2, 3, 4, 5, 6, 7, 8, PI. VII, Fig. 29; Text-figs. 1, 2). 

Spongia lacustris , Linne 1759, p. 1348. 

Spongia canalium , Schroter 1788, pp. 149-158. 
Spongia fibrillosa , Esper 1794, p. 235. 

Spongilla ramosa, Lamarck 1816, p. 100. 

Tupha lacustris , Thienemann 1828, p. 16. 

Spongilla erinaceus , Ehrenberg 1841, p, 363. 
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Spongilla dawsoni , Bowerbank 1863, pp. 467-418. 

Spongilla lacustrioides , Potts 1879. 

Spongilla abortiva , Potts 1880. 

Spongilla mutica , Potts 1880. 

Spongilla montana , Potts 1880, p. 357. 

Spongilla multiforis , Carter 1881, pp. 88-89. 

Spongilla lacustris, Carter 1881, p. 87; Potts 1887, p. 186; 
Annandale and Kawamura 1916, pp. 3-5. 

This sponge grows in stagnant or running water, being attached to 
the logs, twigs, stones and some other objects placed in water at a depth 
of about 1-5 meters. 

In form (PL IV, Figs. 1-8), it may sometimes be massive without any 
projecting branches (Fig. 4), but in general, it is made up of a relatively 
thin encrusting layer, provided with a number of vertically projecting 
branches. 

These branches are variable in length and thickness and are cylindrical 
in form, being broad in the basal part and tapering towards the tip. In 
some cases they may be flattened instead of being cylindrical and may 
form a complicated network by anastomosing (Fig. 2). 

The outer surface of the sponge is rather bristly on account of the 
radiating spicules. 

The living sponge is usually soft and rather fragile and is covered with 
a well defined external dermal membrane. 

The sponge becomes very brittle when it is dried. 

The sponge grown in such a place as to receive sufficient sun-light 
looks bright green, whilst that grown in a dark place or in such a place 
as t» receive only faint sun-light is yellowish, greyish or whitish instead 
of being green. 

Each of the oscula, in general, is rather inconspicuous, but sometimes 
it may grow larger, surrounded by a well-defined border. Usually it is 
protected by a transparent collar of conical form. 

Though the dermal pores (=ostia) are great in number, they are not 
large and conspicuous. 

There are two groups of fibres which form the skeleton of the sponge. 

The one group consists of radiating or vertical fibres. They are 
relatively slender but are well-defined. Each of these fibres is composed 
of 5-20 spicules in cross-section cemented together by a horny substance 
or spongin. The other group is transverse fibres. They are more or less 
inconspicuous than the first, each of the fibres being composed of 1-3 
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spicules in cross-section. 

Gemmules (Text-fig. 1). The gemmules are formed abundantly and 
are found freely in the interstices of the skeleton. They occur not only 
in the main body but also in the branches projecting from it. 



Text-fig. 1. Spongilla lacustns (L.) 

a, Gemmule, showing a foramen in the center, b, Section of a gemmule 
through the foramen, c, Sagittal-section of the foramen, d, A part of the 
pneumatic layer (a, b X60, c Xl80; d X600). for., foramen (=forammal 
aperture); gem-sp, gemmule-spicule; inn. chi. lay., inner chitinous layer; 
mid. pne. lay, middle pneumatic layer; out chi. lay., outer chitinous layer. 

They are spherical in from (Text-fig. 1, a) and are of considerable 
size, their greatest diameter attaining 550-700 fit (average 617 //). 

In colour they are yellowish or brownish. 

Each gemmule is covered by a thick pneumatic coat (Text-fig. 1, b, c) 
and is provided with a single foramen or foraminal aperture surrounded 
by a cup-like structure of 85-107// diameter (PL VII, Fig. 29). The 
diameter of the foramen is 45-50 /a In the pneumatic coat the gemmule- 
spicules are placed vertically or parallel to the surface of the coat 

As a rule the pneumatic coat of the gemmule is composed of three 
layers; viz. 1) the inner chitinous layer, 6-7// thick; 2) the middle 
pneumatic layer which is composed of numerous small air-chambers (Text- 
fig, 1, d) and is comparatively thick, being 30-40// thick; and 3) the 
outer thin chitinous membrane containing the gemmule-spicules, is 1-4// 
thick. 


222 


N. SASAKI 


Spicules (Text-fig. 2). The skeleton-spicules (Text-fig. 2, a) are relatively 
long but slender. They are smooth, straight or slightly curved, and are 
gradually and sharply pointed at the extremities. 



Text-fig. 2. Spongilla lacustns (L.). 

a, Skeleton-spicules, b, Flesh spicules, c, Gemmule-spicules (a X180, b, c 
X 600). 


They are 270-350/* (average 308 /><) x> long and J 0—14 (average 
12.2 /*) thick in the thickest portion. 

The free microscleres or flesh-spicules (Text-fig. 2, b) are found 
abundantly both in the dermal membrane and in ihe interstices among 
the main skeleton. They are short, straight or slightly curved, gradually 
and sharply pointed at both ends and are densely covered with minute 
spines. They are 55-80/* (average 66.8/*) long and 4-5/* (average 4 . 5 /*) 
thick at the thickest portion. 

The gemmule-spicules (Text-fig. 2, c) resemble the microscleres above 
mentioned, but on the whole, are stouter and more strongly curved in a 
hook-like manner. Their ends are rounded or abruptly pointed and are 
covered with much less number of spines than in the case of flesh-spicules. 
They are rather variable in size being measured 26-80 /* (average 45.4 /*) 
in length and 2.5-4.S /* (average 3.6 /*) thick at the thickest portion. 

Remarks . — This species was first described by Linne in the name 
of Spongia lacustris in the 10th edition of Systema Naturae. It seems 

E>This average is determined by measuring the mean of 100 examples of the spicules. 
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to be almost cosmopolitan, being distributed nearly all over the world, 
and thus many varieties of this sponge were described from various 
localities. But it has not been hitherto reported from Central and South 
America. 

From Japan Annandale and Kawamura reported in detail on this 
sponge. 

Among the lakes in Hokkaido where I have collected this kind of 
sponge, Lake Akan is most remarkable, as there the sponge grows very 
thick and high thus giving a splendid luxuriant view. Some of these 
sponges attain the hight of more than half a metre (PL I, Fig. 1). 

Previously known distribution. — Widely distributed in Asia, Australia, 
Europe, British Isles, Africa, North America. Japan: Lake Nozin, Lake 
Kizaki and Lake Nakatsuna, Province of Shinano , Lake Biwa, a small 
lake at Komatsu, Lake Yogo, Province 6mi (Annandale and Kawamura). 

Localities . — Shimekirinuma, Province of Rikuzen (collected by Mr. Z. 
Kadota) ; The River Hirose, Province of Rikuzen; A canal of Oyo Park, 
Province of Mutsu; Hakamagata Pond near Goshogawara, Province of 
Mutsu; Tsutanuma near Mt. Hakkoda, Province of Mutsu (collected by 
Mr. Y. Horikawa) ; Lake Akan, Province of Kushiro, Hokkaido; Lake 
Abashiri, Province of Kitami, Hokkaido; Utotiaitonuma near Tomakomae, 
Province of Ibun, Hokkaido (collected by Dr. T. Uchida) ; Konuma near 
Onumakoen, Province of Oshima, Hokkaido. 

2. Spongilla shikaribensis, n. sp. 

(PL V, Figs. 9, 10, 11; PL VII, Fig. 30, Text-figs. 3, 4^ 

This sponge grows on the surface of submerged logs, roots, branches, 
twigs, pebbles, stones, rocks, pillars of bridges, and other objects both m 
quiet and rapidly flowing water, at a depth of 0.5-5 metres. 

The external form of this sponge when grown in stagnant water is 
that of a relatively thin encrusting layer, from which a number of vertical, 
elongate, cylindrical, long or short projections or tubercles usually arise 
(PI. V, Figs, 9, 10) ; but it may be a thin, flat, filmy patch attaching to 
the surface of other objects when it is growing in rapidly flowing water 
(PL V, Fig. 11). 

This sponge is, as a rule, soft and very fragile in consistency. 

• The colour of the sponge in life is bright green, when grown in a 
good light of the sun; but when it is grown in a faint light or in the 
shade, the green colour often disappears and the sponge turns yellowish 
or whitish. 
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The oscula and pores are present abundantly but they are never large 
or conspicuous. 

The skeleton fibres which are mainly composed of vertical fibres, arc 
rather poorly' defined and form a very loose irregular network in the 
gemmule region. 

The vertical fibres which are composed of 2-5 or more skeleton-spicules 
in cross-section, run longitudinally in the central part of the sponge, and 
they may change their direction vertically against the surface of the sponge. 
The distal ends of the vertical fibres usually project externally beyond the 
dermal membrane. 

The transverse fibres which are dispersed usually among the vertical 
fibres, are very poorly developed, each fibre being composed of 1-2 
spicules in cross-section. 

Gemmules (Text-fig. 3). The gemmules are freely produced m the 


for 



Text-fig 3 Spongilla shikar ibensis, n. sp. 
a, Gemmules. b } Section of a gemmule through the foramen, c, Sagittal- 
section of the foramen, d, Vertical-section of the gemmule-coat. e, A part of 
the pneumatic layer, (a, b X 60; c X 180; d, e X 600). 
dia diatom; for., foramen; gem-sp., gemmule-spicule, inn. chi lay., innermost 
chitinous layer; inn pne lay., inner pneumatic layer; mid chi. mem., middle 
chitmous membrane; out. cem. lay, outer cementing layer; out. chi. mem., 
outermost chitinous membrane 
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interstices of the skeleton, and are especially abundant at the base of the 
sponge. 

They are spherical in form, usually brown or yellow in colour, and 
are very variable in size being 200-700 ft (average 490 ft) in diameter 
(Text-fig. 3, a). 

Each gemmule is usually covered with a very characteristic coat which 
is composed of the following three layers and two membranes (Text-fig. 
3, d) ; viz. 1) the innermost chitinous layer which is commonly found in 
other species too, is in this case homogenious and brown in colour, being 
3-5 ft thick; 2) the inner pneumatic layer which is composed of granular 
“ air-cells ” (Text-fig. 3, e), is rather transparent, usually undulated and 
very variable in thickness, being 5-12 // thick; 3) the middle chitinous 
membrane is very thin and is undulating, existing between the inner 
pneumatic layer and the following outer cementing layer, and is not more 
than 1 ft thick; 4) the outer cementing layer is very remarkable in 
appearance, composed of hyaline ground substance, and is 10-20 ft thick. 
In this layer some minute foreign objects such as shells or crusts of 
various diatoms, plankton and the gemmule-spicules are imbedded without 
any definite orientation; sometimes this layer may be a common covering 
of the two or more gemmules; and 5) the outermost chitinous membrane 
which is very thin, and not more than 0.5 ft thick. Each gemmule has a 
single foramen which is not protected by any tubule or cup-like structure, 
except for a thin chitinous operculum placed at the orifice (PL VII, Fig. 
30). The diameter of the foramen is 40-55 /A 

Spicules (Text-fig. 4). The skeleton-spicules (Text-fig. 4, a) are rather 
slender, very smooth, straight or slightly curved, gradually and sharply 
pointed at the extremities. 

They are relatively few in number and are of moderate size, being 
240-350 ft (average 293 ft) long and 13-15 ft (average 13.9 ft) thick in the 
thickest portion 

The flesh-spicules (Text-fig. 4, b) are small, slightly or strongly curved, 
gradually tapering towards both ends, densely covered with minute spines. 

They are variable in size and are very numerous both in the dermal 
membrane and in the sponge tissue, being 61-100 ft (average 80.1 ft) long 
and 3-5 ft (average 4.1 ft) thick in the thickest portion. 

The gemmule-spicules (Text-fig. 4, c) are slender, cylindrical, straight 
or curved, bluntly pointed or rounded at both ends, covered with a few 
dispersed minute spines. They are few in number and are very variable 
in size, being 50-101 ft (average 75.7//) long and 3-4 ft (average 3.4 ft) 
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Text-fig- 4. Spongdla shikaribensis, n. sp. 

a, Skeleton-spicules, b, Flesh-spicules, c, Gemmule-spicules (a Xl80, 

b, c x600) 

thick in the thickest portion. 

Remarks. — This new species seems to be closely allied to Spongilla 
lacustris (L.) resembling especially in form the skeleton-spicules, flesh- 
spicules, and gemmule-spicules. But the following characteristics of S. 
shikaribensis will easily distinguish this species from S. lacustris. 

First, S. shikaribensis has poorly-developed skeleton fibres, and relatively 
few gemmule-spicules, hut it has extraordinarily numerous flesh-spicules 
distributed through the whole of the sponge body. Secondly, the foramen 
of the gemmule is not protected by any cup-like or tubular structures 
which are commonly found in other species of the same genus. Thirdly, 
the coat of the gemmule is very remarkable in structure being provided 
with a special cementing layer covering the outer surface of the ordinary 
pneumatic layer. 

Locality . — Lake Shikaribetsu, Province of Tokachi, Hokkaido. 

3. Spongilla fragilis Leidy 

(PL V, Figs 12, 13, 14, 15; PI VII, Fig 31; Text-figs. 5, 6). 

Spongilla fragilis , Leidy 1851, p. 278 ; Potts 1887, p. 197; 
Annandale 1909, pp. 106-107; Annandale and Kawamura 
1916, p. 16. 
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Spongilla lordii , Bowerbank 1863, p. 466. 

Spongilla contecta , Noll 1870, p. 173. 

Spongilla Lieherkuhnii, Brotherus 1876, p. 13. 

Spongilla sibirica , Dybowski 1878, p. 53. 

Spongilla morgiana , Potts 1880, p. 330. 

Spongilla segregata , Potts 1880, 1887, p. 202. 

Spongilla glomerata , Noll 1886, p. 682. 

This sponge is found both in the quiet and streaming water, such as 
lake, pond, or river, attached to the surface of submerged logs, pillars of 
bridges, stones, rocks, branches, twigs, and various objects, at a depth of 
a few metres. 

The external form of this sponge is usually flat (PL V, Figs. 12, 14, 
15), forming spreading layers or crusts without any projecting branches 
or conspicuous protuberances. But sometimes it is cylindrical (PL V, Fig. 
13), spindle-shaped or globular when the sponge grows on twigs, branches, 
stems of water-weeds or on sandy, gravelly bottoms. In consistence it is 
moderately hard but fragile. 

Its external surface is, as a rule, rugged and covered with a number 
of small ridges or projections. 

It has numerous minute, inconspicuous pores and many small oscula 
on the surface. From each of these oscula arise a number of radiating 
canals thus representing a star-shaped figure. These canals are the main 
exhalant canals gathering into the osculum after running for some distance 
parallel to the surface of the sponge. In the case of the well-developed 
specimen (PL V, Fig. 13), the oscula are rather large and conspicuous. 

The colour of the sponge is usually green when it is grown in a good 
light, but sometimes it is grey, yellow, brown, or dark brown when it is 
placed in constant shade. 

The skeleton is more compact than in the case of Spongilla lacustris . 

The vertical fibres are well-defined, irregularly ramifying, relatively 
slender, usually composed of 2-5 or more spicules in cross-section, and are 
cemented together by a small quantity of spongin. 

The transverse fibres are poorly developed, composed of 1-2 spicules 
in cross-section, and are always dispersed among the vertical fibres. 

Gemmules (Text-fig. 5). The gemmules are produced freely among the 
interstices of, the skeleton. 

From two to eight or more gemmules are connected and are invested 
with a common pneumatic covering (Text-fig. 5, Figs, a, b). The size of 



228 


N. SASAKI 



Text-fig. 5. Spongdla fragilis Leidy. 

a, Gemmules. b, Section of gemmules through tKe foramen, c, Sagillal- 
section of the foramen, d, e, A part of the pneumatic layer, cut horizontally 
and vertically, respectively, (a, b x 60; c x!80; d, e x60O). 

/or., foramen; for, tub., foraminal tubule; gern-sp., gemmule-sjacule; inn iht. 
lay*, inner chitmous layer, mid. pne. lay., middle pneumatic layer; out. chi. 
mem., outer chitirous membrane. 

such structure is rather variable being measured 550 1050 /* (average 
750/0 across. 

The covering is composed of a thick pneumatic layer of 15 -35/* thick. 

The pneumatic layer consists of relatively large, polygonal “ air-cells ” 
arranged in several tiers (Text-fig. 5, b, c, d, e). 

Sometimes gemmules are arranged in a single sheet located at the 
base of the sponge, invested with a common covering which is similar in 
structure with those above alluded to. 

Each gemmule is spherical in shape and is rather small, varying in 
size, measured 280-420 ft (average 344 /*) in diameter. It is covered with 
a thin chitinous layer, of 4-7 ft thick. Each gemmule is yellowish or 
brownish in colour, with a single foramen which is provided with a straight 
or curved foraminal tubule (PL VII, Fig. 31), projecting outwards through 
the pneumatic covering. The foraminal tubule is 50-90 ft (average 78 /*) 
long and is 35-45/* (average 40/*) in its greatest diameter. 

The gemmule spicules are found lying irregularly not only in or upon 
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the pneumatic covering of the gemmules, but also in the foraminal tubule. 

Spicules (Text-fig. 6). The skeleton-spicules (Text-fig. 6, a) are smooth, 
relatively large, being 250-360 p (average 323 p) long and 11-15 P (average 
13.4 p) thick in the thickest portion. 



Text-fig. 6 Spongtlla fragilis Leidy. 
a, Skeleton-spicules, b. Flesh-spicules. (a Xl80; b X600). 


The flesh-spicules are lacking. 

The gemmule-spicules (Text-fig. 6, b) are cylindrical or rod-shaped, 
often somewhat swollen in the middle, straight or feebly curved, abruptly 
or bluntly pointed at both ends, sometimes round-ended. They are covered 
with short, minute spines, and are variable in form and size, being 68- 
118 ft (average 92.1 p) long and 6-8 (average 7 fi) thick in the thickest 
portion. 

Remarks . — This species was originally described by Leidy in 1851. 

This sponge seems to be cosmopolitan and many varieties have been 
described by several investigators. 

From Japan, Annandale reported this sponge for the first time in 
1909. 

In 1916 Annandale and Kawamura also reported this species from 
Japan. 

Previously known distribution . — Widely distributed in Asia, Australia, 
Europe, British Isles, North America, Central America. Japan: Lake 
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Noziri, Lake Aoki, Lake Nakatsuna, Lake Kizaki and Lake Suwa, Province 
of Shinano; Tokyo; Lake Biwa, Province of 6mi; Lake Ogura near 
Kyoto (Annandale and Kawamura). 

Localities .— Okadabori, a small pond near Sendai, the River Hirose 
and Shimekirmuma, Province of Rikuzen; Tappinuma and Hakamagata 
Pond, Province of Mutsu; Lake Akan, and Lake loro, Province of 
Kushiro, Hokkaido; A small pond near Nishitappu (collected by Dr. T. 
Hayashi), and a small pond near Tomakomae, Province of Iburi, Hokkaido. 

4. Spongilla akanensis, n. sp. 

(PL VI, Figs. 16, 17; Text-fig 7) 

This species usually coats or surrounds the stems of some slender but 
rather hard water-weeds, grown in slowly running water at a depth of 
about 5 metres. 

The Lake Akan where I have obtained this sponge is famous on 
account of the fact that there an alga Aegagropila Sauteri (Nees) Kutz 
are found very abundantly. 

The external form of this sponge (PL VI, Figs. 16, 17) is that of an 
encrusting layer from which a number of short irregular tubercles or 
projections usually arise and moreover they form in most cases a very 
irregular network or a ramifying mass. 

This sponge is relatively hard but brittle in consistency. 

The colour of this sponge in life is green when grown in a good light, 
but when it is preserved in alcohol the green colour turns while. 

The pores and oscula are great in number, but they are never large 
or very conspicuous. 

The skeleton is very compact and forms an irregular network. 

Sometimes the vertical fibres show an arrangement rather well-defined, 
but usually they are arranged very irregularly. Each vertical fibre is 
composed of 2-6 or more spicules in cross-section. 

The transverse fibres, each of which is composed usually of 1-2 spicules 
in cross-section, show a very irregular arrangement and run in every 
direction among the vertical fibres. 

Generally the distal ends of the vertical fibres project outwards from 
the sponge surface to some extent and thus they are rough to touch. 

Spicules (Text-fig. 7). The skeleton-spicules (Text-fig. 7, a, b) are very 
thick, gradually or abruptly pointed at the extremities and the rest smooth 
or covered with very minute spines. They are 310-360/* (average 337 /*) 
long and 20-30 p (average 25.9 /*) thick in the thickest portion. 
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a b 



TexL-fig. 7. Spongilla akanensis , n. sp 
a, Smooth skeleton-spicules, b, Micro-spmed skeleton-spicules, 
c, Young immatured skeleton-spicules, (all X 180) 


There exist no true flesh-spicules; but young immature skeleton-spicules 
(Text-fig. 7, c) are frequently to be found, and they are 100-280 p long 
and 5-25 p thick in the thickest portion. 

The gemmule-spicules are unknown to me, as I was not able to find 
even a single gem mule in this specimen. 

Remarks .—Though I could not find even a single gemmide of this 
sponge it seems to be one of the most remarkable fresh-water sponges 
found in Japan, judging from the following features: First, this species 
seems to have the hardest consistence of all Japanese fresh-water sponges 
hitherto known ; Secondly, this species has very big skeleton-spicules, which 
show the greatest diameter among the same kind of spicules of other 
species of Japanese fresh-water sponges. 

On account of the absence of gemmules in this specimen, I regret that 
I can not determine the genus to which this sponge belongs. Judging 
from the characters in general it seems to be rather reasonable at present 
to assign this species to the genus Spongilla. 

Locality . — Lake Akan, Province of Kushiro, Hokkaido. 
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5. Ephydatia fluviatilis (Linnb) 

(PL VI, Fig 18, PL VII, Fig. 32, Text-figs 8, 9) 

Spongia fluviatilis , Linne 1759, p. 1348. 

Spongia canalium , Sciir&ter 1788, p. 149. 

Spongilla fluviatilis , Lieberkuhn 1856, p. 496. 

Ephydatia fluviatilis , Gray 1867, p. 550. 

Spongilla sceptrifera , Bowerbank 1874, p. 300. 

Meyenia fluviatilis , Carter 1881, p. 92; Potts 1887, p. 219. 

Meyenia No. 1 , Dybgwsky 1882, p. 13. 

Meyenia angustibirotulata , Carter 1885, p. 454-. 

This spong usually grows on the surface of logs, branches, roots, 
stones and sometimes at the sandy bottom of quiet or flowing water at 
a depth of 1-10 metres or more. 

The external form of this sponge (PI. VI, Fig. 18) is that of an 
encrusting layer provided with a number of irregular, lobular projections of 
various sizes. 

Occasionally it is irregularly massive with surface very even. 

The sponge is either hard or soft, and comparatively fragile in 
consistence. 

The colour of the sponge in life is green when it is grown in the 
light, but it is often yellow, cream-coloured, white, grey or brown when 
grown in the shade. 

Its pores and oscula are generally inconspicuous but in some specimens 
they grow large and are prominent with border circular. 

The skeleton fibres are well-defined, rather compactly woven, and thus 
form a very irregular network. 

The vertical fibres which are composed of 3-10 spicules in cross- 
section, run nearly in all directions ramifying with one another. 

The transverse fibres which are composed of 1-3 spicules in cross- 
section are rather poorly developed and are distributed among the vertical 
fibres without any definite orientation. 

Gemmuks (Text-fig. 8). The gemmules are produced freely and 
abundantly among the interstices of the skeleton forming the base of the 
sponge. 

They are spherical in form (Text-fig. 8, a), yellow or brown in colour, 
and are of relatively small size, measuring 40-47/* (average 45/^) in the 
greatest diameter. 

They are usually covered with a rather thick pneumatic coat in which 
the gemmule-spicules are arranged radially (Text-fig. 8, b, c). 
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Text-fig. 8. Ephydatia flvviatdis (L.) 

a, Gemmule, its foramen is shown in the center, b, Section of the gemmule 
through the foramen, c, Sagittal-section of the foramen, d, A part of the 
pneumatic layer (a, b X 60 , c Xl 80 ; d x 600 ). for , foramen; gem-sp., 
gemmule-spicule, inn. chi . lay., inner chitinous layer; mid. pne. lay., middle 
pneumatic layer; out. chi. mem, outer chitinous membrane; ske-sp., skeleton- 
spicule. 


The pneumatic coat is, as a rule, composed of the following three 
layers , viz. 1) the inner thick chitinous layer which is 8-10 /* in thickness ; 
2) the middle pneumatic layer which is composed of granular “ air-cells ” 
(Text-fig. 8, d) is 25-35 p thick; and 3) the outer chitinous membrane 
of 2-5 p thickness. 

Each gemmule has commonly a single foramen (Text-fig. 8, a, b. c; 
PL VII, Fig. 32) which is not protected by any distinct cup-like or tubular 
structures, except for the thin chitinous operculum attached to the orifice. 

The diameter of the foramen is 40-55 /■* and the diameter of the 
chitinous operculum is 20-25 p. 

Spicules (Text-fig. 9). The skeleton-spicules (Text-fig. 9, a) are relatively 
large and are straight or slightly curved, gradually and sharply pointed. 
They are smooth or covered with very minute spines and are 300-400 p 
(average 350/4) long and 15-24/* (average 19.3/-<) thick in the thickest 
portion. 

There are no flesh-spicules. 

The gemmule-spicules (Text-fig. 9, b, c, d) are amphidiscs or birotulates, 
and are small, with surface smooth or covered with very minute spines. 
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Text-fig. 9. Ephydatia fluviatihs (L.) 
a. Skeleton-spicules, b, Gemmule-spicules (viz. amphidiscs or biroiu- 
lates), side view, c, Oblique view of the same d, Apical view of 
the rotules of the same, (a Xl80, b, c, d X600). 

The length of the shaft is always longer than the diameter of the rotule. 
The shaft is usually straight, smooth or occasionally spinous, 24-29/* 
(average 25.6/*) long and 3-4/* (average 3.4/*) in diameter. The spines 
on the shaft, 1-7 in number, are relatively large, straight, stout and 
tapering. 

The rotules are in general flat, moderately serrated in margin and are 
sometimes covered with a few minute spines. They are 18 23/* (average 
21.1 /*) in diameter. 

Remarks. — This species is also one of the most widely distributed 

fresh-water sponges, and we may fined many varieties and synonyms 
described by various authors. 

This sponge was originally described in 1759 by Linnk in the name 
of Spongia fluviatilis in the 10th edition of Systema Naturae. 

From Japan, this species was first reported in 1895 by D. W. 

Weltner ; the specimens on which his description was based were those 

secured by Hilgendorf in Tokyo in 1882. 

In 1933, I was able to obtain this species from Lake Abashin in 

Hokkaido. 

Previously known distribution. — Widly distributed in Asia, Australia, 
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Europe, British Isles, Africa, North America. Japan; Tokyo (Hilgendorf). 

Locality. — Lake Abashin, Province of Kitami, Hokkaido. 

6. Ephydatia muileri (Lieberkuhn) 

(PL VI, Figs 19,20, 21, 22, 23, 24, PI VII. Fig 33, Text-figs 10, 11). 

Spongilla muileri , Lieberkuhn 1856, p. 510. 

Trachyspongilla muileri, Dybowsky 1878, p. 53. 

Spongilla astrosperma , Potts 1880, p. 357. 

Meyenia No. 2, No. 3 «, ft, Dybowsky 1882, pp. 15-19. 

Spongilla mirabilis , Retzer 1883, p. 25. 

This sponge grows on the surface of the submerged logs, trunks, 
branches, rocks and stones m quiet as well as rapidly running water at 
a depth of 1-5 metres. 

The external form of this species is that of a mass or rather flat crust, 
from which sometimes a number of stout finger-like projections arise 
(Text-figs. 19-24). Its surface is usually uneven and is rugged or knobbed. 

The consistence of this sponge is generally soft and fragile. 

Its colour is green when it is grown in sufficient sun-light, but is 
yellow, white or grey in faint light or in shade. 

The oscula are relatively large and the pores are small and numerous. 

The vesicular cells or “ bubble-cells ” are always found abundantly in 
the parenchyma. 

The skeleton is rather compact. The vertical fibres which are composed 
of 3-8 or more spicules in cross-section, are well-defined but are irregularly 
ramified; while the transverse fibres, each of which commonly consists 
of 1-3 spicules in cross-section, are rather poorly developed. 

The transverse fibres occur fairly thickly in the gemmule-region. 

Gemmules (Text-fig. 10). The gemmules are produced in the interstices 
of the skeleton fibres and are found especially abundant at the base of 
the sponge body. 

The gemmules are very variable in both shape and size. They are 
usually spherical (Text-fig. 10, a) but sometimes are ellipsoidal or ovoidal 
in form, measured 250-770 p (average 557 p) in the greatest diameter. 

They are yellow or brown in colour. 

Each gemmule is covered with a pneumatic coat (Text-fig. 10, b, c) 
composed of the inner chitinous layer and of the outer pneumatic layer. 
The inner chitinous layer is relatively thin and is 3-5 p thick. In this 
inner chitinous layer, one of the rotules of each birotulate is usually imbedded. 
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Text-fig. 10 Ephydatia mullen (Liebkrkuiin) 
a, Gemmule, the foramen is shown in the centei. b, Section of a 
gemmule through the foramen, c, Sagittal section of the foramen 
d, A part of the pneumatic layer, (a, b x60, c Xl80, d X600), 
for, foramen, gem-sp,, gemmule spicule; inn. cht lay, inner chitinous 
layer; out . pne. lay., outer pneumatic layer; ske-sp skeleton-spicule. 


The outer pneumatic layer is composed of numerous small granular 
“air-cells” (Text-fig. 10, d) and is about 15 ft thick. In this layer, the 
birotulates are found, being arranged radially. This layt r is sometimes 
covered with a poorly-developed, half-chitinized layer of 2-3 ft thick. 

Ordinarily the gemmule-spicules are arranged in a single row in the 
pneumatic layer, but sometimes, one or more rows of these spicules in an 
irregular disposition may be added (Text-fig. 10, b). 

Generally each gemmule has a single foramen (PL VII, Fig. 33), the 
shape of which is like a shallow dish. The diameter of the foramen 
(out-side) is 35-80 ft and the same of the inner operculum is 20-30 ft. 

Spicules (Text-fig. 11). The skeleton-spicules (Text-fig. 11, a) are 
rather stout, straight or slightly curved, sharply or abruptly pointed at 
the extremities and, as a rule, they are densely covered with minute 
spines, except for their two ends, 230-310 ft (average 270 fi) long and 
10-20^ (average 15.8 ft) thick in the thickest portion. 

There are no flesh-spicules. 

The gemmule-spicules (Text-fig. 11, b, c, d) are small amphidiscs or 
birotulates. 
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Text fig 11. Ephydatia mullen (LlKBERKUlIN). 
a, Skeleton-spicules, b, Gemmule-spicules, side-view c. Oblique view of the 
same, d, Apical view of the rotules of the same, (a xl80; b, c, d x600). 


The shaft of the birotulate is usually shorter or rarely longer than the 
diameter of the rotule. It is short, stout, straight and is usually smooth, 
13—18 (average 15.7/^) long and 4 p in diameter. The rotule is flat and 
its margin is cut deeply and irregularly as to form 5-10 or more teeth. 

Sometimes it is covered with scattered micro-spines. The rotule is 
measured 18—25 (average 21.5 f*) in diameter. 

Remarks . — This sponge was first described in 1856 by Lieberkuhn 
by the name of Spongilla miilleri. 

From Japan this species was reported for the first time by Weltner 
the specimen being obtained from Tokyo. In 1909, Annandale reported 
that this sponge was collected by Dr. Oka at Kameido near Tokyo in 
October of 1901. 

This species is also one of the fresh-water sponges that have a very 
wide distribution. 

Fortunately in 1933 I could find this species growing luxuriantly in 
Lake Shikaribetsu, Hokkaido. 

Previously known distribution. — Asia, Europe, British Isles, North 
America. Japan: Kameido, near Tokyo (collected by Dr. Oka). 

Localities. — Lake Biwa, Province of 6 mi; Utorinuma (collected by 
Dr. Hozawa and Mr. K. Ito) and Kuwanuma, Province of Rikuzen; A 
canal of Oyo Park in Hirosaki, Province of Mutsu; Lake Abashiri, 
Province of Kitami, Hokkaido; Lake Shikaribetsu, Province of Tokachi, 
Hokkaido; Utonaitonuma, Province of Iburi, Hokkaido; Tokotanmuma 




238 


N. SASAKI 


near Akkeshi, Province of Kushiro, Hokkaido (collected by Mr. Y. Hada). 

7. Ephydatia mulleri var. japonica (IIilgenoouf) 

(PL VI, Figs 25, 26, PI VII, Fig 34, Text-figs. 12, 13) 

Spongilla fluviatilis var. japonica , Hilgendokf 1882, p. 26. 

Ephydatia fluviatilis var. japonica , Weltnek 1895, pp. 123, 13d. 

Ephydatia japonica , Annandale 1909, pp. 109-110. 

Ephydatia mulleri var. japonica , Annandale and Kawamura 
1916, p. 13. 

This sponge usually grows upon the surface of submerged bodies such 
as logs, branches, twigs, stems of reeds, roots, rocks, stones, pillars of 
bridges, stone-walls, and sometimes at sandy or muddy bottoms. It is found 
in both quiet and rapidly running waters at a depth of 0.5-5 metres. 

The external form of this sponge (PL VI, Figs. 25, 26) is generally 
that of a flat layer from which sometimes long or short, cylindrical 
projections arise. 

But, according to the circumstances, especially in quiet water, if is 
frequently massive. In one of the largest specimens at hand the length, 
breadth and height measured 10, 8 and 7 cm., respectively. 

Its surface is usually uneven, being rugged and rough. 

The sponge is rather soft and fragile in consistence. 

Its colour is usually green when the sponge is exposed in a good light, 
but it may become yellow, grey or black according to the environmental 
conditions. 

The oscula are relatively large and deep, but in some specimens they 
are small and obscure. The pores are usually numerous but small. 

The skeleton fibres are rather well-defined, especially in the gemmule 
region, but they are relatively slender forming an irregular network. 

The vertical fibres, each of which is composed of 3-8 or more spicules 
in cross-section, run vertically towards the surface and are irregularly 
branched. 

The transverse fibres each of which is composed of usually 1-2 spicules, 
are dispersed among the vertical fibres. 

Gemmules (Text-fig. 12). The gemmules are numerously found in the 
interstices of the skeleton, and are especially abundant in the lower part 
of the sponge. 

Though they vary to some extent both in form and size, the gemmules 
are mostly spherical (Text-fig. 12, a) and measure 400-650/^ (average 
505 p) in diameter. Their colour is white, yellow or brown. 

The gemmule is covered with a pneumatic coat (Text-fig. 12, b, c). 
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Text-fig. 12. Ephydatia muLleti var japonita fHlLGENDOKF). 
a, Gemmule, showing a foiamen m the centic. b, Section of a 
gemmuie through the foramen c, Sagittal section of the foramen d, 

A pait of the pneumatic layer (a, b X60; c Xl80; d x 600). 
for , foramen; gem-sp ., gemmule-spicule, inn chi. lay., inner chitmous 
layei, out pne. lay., outer pneumatic layer, ske-sp , skeleton-spicule 

In this coat the birotulates are in most cases radially arranged form¬ 
ing a single row but sometimes one or more rows of the same kind of 
spicules may be added to the above. In such case the birotulates are 
arranged either radially or irregularly. The pneumatic coat is composed 
of the inner chitinous layer 4-5 p thick and the outer pneumatic layer of 
13-15thick. 

The pneumatic layer which consists of very small granular “ air-cells ” 
(Text-fig. 12, d), is sometimes covered externally by a thin half-chitinized 
layer. As a rule, each gemmule has a single foramen (PI. VII, Fig. 34) 
the shape of which is like a shallow dish. The diameter of the foramen 
is 42-70 [J- and the same of the operculum is 15-17 fi. 

Spicules (Text-fig. 13j. The skeleton-spicules (Text-fig. 13, a) are 
rather slender, straight or slightly curved, gradually and sharply pointed 
with surface usually smooth or sometimes with a few scattered minute 
spines in their middle parts, 220-360 p (average 283 p) long and 10-16 p 
(average 12.9 p) thick in the thickest portion. 

There are no flesh-spicules. 

The gemmule-spicules (Text-fig. 13, b, c, d), which are birotulates or 
amphidiscs are very small and their surface is smooth. 
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Text-fig 13* Ephydotia mullen var. japomca (Hilghndorf), 

a, Skeleton-spicules, b, Gemmule-spicules, side view, c, Oblique view 
of the same, d, Apical view of the rotules of the same, (a X 180; 

b, c, d x 600). 

Their shafts are generally shorter than the diameter of the rotules and 
are smooth and straight, being 12-15 ft (average 14 ft) long and 2.5-3.B ft 
(average 3 ft) thick. 

The rotules are generally flat with surface entirely smooth but their 
margin is deeply serrated, forming usually 5-12 teeth. The rotules are 
measured 16-21 ft (average 18.4 ft) in diameter. 

Remarks .— This sponge was originally described by IIilgendorf as 
Spongilla fluviatihs var. japomca in 1882, its description being based upon 
the specimen obtained in Tokyo. 

This variety differs from the typical Ephydatia mulleri only in having 
skeleton-spicules that are as a rule very smooth but sometimes bear a few 
minute scattered spines in the central region. 

This sponge is found very commonly being widely distributed in the 
Main Island of Japan. 

Previously known distribution . — North America, Manchuria. Japan: 
Chosen; Yanaidzu, Province of Rikuzen; Lake Aoki, Lake Nakatsuna, 
Lake Kizaki and Lake Suwa, Province of Shinano ; Lake Biwa, Province 
of Omi; A small pond at Yodo, and 6sawa Pond near Kyoto, Province 
of Yamashiro; Okayama, Province of Bizen and Hiroshima, Province of 
Aki (Annandale and Kawamura). 

Localities . — Suwanuma (collected by Mr. K. 1x6) near Sanuma, several 
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ponds in Sendai and the River Hirose, Province of Rikuzen; A canal of 
Oyo Park in Hirosaki, Province of Mutsu; Lake Akan, Province of 
Kushiro, Hokkaido; Lake Abashiri, Province of Kitami, Hokkaido. 

8. Heteromeyenia baileyi var. petri (Lauterborn) 

(PI VI, Figs 27, 28; PI VII, Fig. 35, Text-figs 14, 15). 

Carterius stepanowi forma petri, Lauterborn 1902, p. 528. 

Heteromeyenia kawamurae , Annandale 1916, pp. 14-15. 

Heteromeyenia baileyi var. petri, Schroder 1927, p. 107. 

The sponge is found in quiet or slowly running water, usually encrusting 
the submerged logs, branches, twigs, roots and stones at a depth of a few 
metres. 

The external form of this sponge (PL VI, Figs. 27, 28), as a rule, is 
that of a thin film with a number of short anastomosing branches, but 
sometimes it may be irregularly massive. 

The sponge is very soft and fragile in consistence. 

The colour of this sponge in life is usually bright green; but it will 
turn yellow, white or brown, being affected by the environmental conditions. 

The skeleton fibres which are mainly composed of vertical fibres, are 
well-defined but they are relatively slender, each fibre being composed of 
2-5 or more spicules in cross-section. 

These fibres ramify very loosely in the larger parts of the sponge body 
but in the gemmule region they ramify rather densely and form an 
irregular network. 

The distal ends of vertical fibres freely project beyond the dermal 
membrane and thus make the sponge surface hairy. 

The transverse fibres are poorly developed and they are either connected 
with vertical fibres or are freely distributed among the vertical fibres. 

Gemmules (Text-fig. 14). The gemmules are formed abundantly and 
freely in the interstices of the skeleton. 

They are usually spherical in form (Text-fig. 14, a), white or yellow 
in colour and are of moderate size, measuring 530-700 p (average 611 p) 
in the greatest diameter. Each gemmule is covered with a pneumatic 
coat (Text-fig. 14, b, c) in which the gemmule-spicules are arranged 
radially. 

The coat is composed of three layers; viz. 1) the inner chitinous 
layer, of 6-8 p thick; 2) the middle pneumatic layer which consists of 
relatively small “air-cells” (Text-fig. 14, c, f), and which is 40-55 p thick; 
and 3) the outer chitinous layer of 3-5 p thick. 
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Text-fig. 14. Heteromeyema baileyi v<ir petn (Lautkrboun). 
a, Gemmule, its foramen is shown in the center, b, Section of a gemmule 
through the foramen, c, Sagittal-section oJt the foramen, d, Apical view of 
the foramen with cirrus appendages d, Side view of the same, f, A part of 
the pneumatic layer, (a, b X 60; c, d, c X 180, f X 000). 
cir ,, cirrus appendages; for. tub , forammal tubule, inn. chi . lay inner clntinouN 
layer, Ion. gem~$p longer gemmnle-spicule; mid . pile lay middle pneumatic 
layer, sho gem-sp, shorter gemmule-spiculc, out. chi lay, outer chitinoUH 
layer 

There exist two types of gemmule-spieules, namely the longer and the 
shorter. The shorter ones lie between the outer and inner ehitinous 
layers taking radial arrangement. The longer spicules are so placed that 
one part of their shaft together with their distal rotule will project freely 
beyond the outer ehitinous layer of the gemmule. 

Each gemmule has a single, characteristic foramen (PI. VII, Fig. 35, 
Text-fig. 14, d, e) which is provided with a long, stout, straight or slightly 
curved tubule, with cirrus appendages attached to its distal end. 

The length of the foraminal tubule measured from the inner ehitinous 
operculum to its tip, is 100-125 ^ and its diameter is 35-45 f* at the 
thickest portion. The diameter of the ehitinous operculum is 27- 30 fK 
The appendages of the foraminal tubule are usually 6-10 in number. 
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They are transparent, and are somewhat Irregularly crooked and hang 
downwards. They are variable in shape and size, measuring 45-75 /* long 
and 5-10 /* thick. 

Spicules (Text-fig. 15). The skeleton-spicules (Text-fig. 15, a) of 
moderate size are relatively slender, straight or slightly curved, sharply 
and gradually pointed at the extremities, nearly smooth or covered with 
a few minute spines, 240-400 /* (average 325 /*) long and 10-14 /* (average 
12.4 /*) thick in the thickest portion. 



Text-fig. 15. Heteumeyema batleyi var. petri (Lauterboen). 
a, Skeleton-spicules I>, Flesh-spicules, c, Longer gemmule-spicules. d, Shorter 
gemmule-spicules. e, Apical view of the rotules of the gemmule-spicules. 

(a X180; b, c, cl, e x600). 

The flesh-spicules (Text-fig. 15, b) are small, slightly curved, gradually 
pointed at both ends and are covered with long and short spines of 
variable size. 

They are 61-72/* (average 69.5/*) long and 3-4/* (average 3.2/*) 
thick in the thickest portion. 

The gemmule-spicules may be classified into two kinds (Text-fig. 15, 
c, d), the longer and the shorter, but their difference In length and 
thickness is not very distinct being obliterated by the existence of inter¬ 
mediate forms. 

The shaft of the shorter spicule is 4 /* thick and is slightly stouter 
than that of the longer which measures 3.5/* thick. In number the 
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shorter is superior to the longer. In both kinds of spicule the shaft ol 
the birotulate is straight or sometimes slightly curved, rather slender and 
either smooth or armed with a few scattered spines of relatively large 
size. 

The rotules (Text-fig. 15, e) are rather fiat but sometimes are feebly 
incurved. The margin of the rotule is, as a rule, deeply and irregularly 
serrated and the teeth thus formed are angular and rarely curved. 

The rotule of the longer gemmule-spicule measured 13 17 (average 
16.2 /*) in diameter, and is slightly smaller than that ol the shorter which 
is 18-20 /* (average 18.7 y) in diameter. The length of the longer 
gemmule-spicule is 70-76/* (average 72,4/*) and the same of the shorin’ 
is 45-56/* (average 49.6/*). 

Remarks. — This species was first described by Lauterborn in the 
name of Carterius stepanowi in 1902. 

In 1916 Dr. N. Annandale and Prof. T. Kawamura reported this 
form from Japan in the name of Heteromeyenia kawamurae , In the 
description they have given the existence of the cirrus appendages of the 
foraminal tubule was missed. 

In 1927, in examining the specimens from Japan, Dr. Schroder 
concluded that the sponge which was described by AnnanDALE and 
Kawamura as Heteromeyenia kawamurae is identical with Heteromeyenia 
baileyi var. petri of Lauterborn. 

Previously known distribution . — Germany ; Czeoho-Slovakiu ; Chili. 
Japan: Lake Biwa, Province of 6mi; The River Tonryu, Province of 
Shinano (Annandale and Kawamura). 

Localities. — Lake Ogura near Kyoto, Province of Yamashiro ; Kutalsu- 
sawa near Sendai (collected by Mr. K. Ito), Suwanunui near Samuna 
(collected by Mr. K. Ito), Province of Rikuzen; Lake Abashin, Province 
of Kitami, Hokkaido. 


Key to the fresh-water sponges of Hokkaido. 

A. Gemmule-spicules rod-shaped, straight or curved, spined, without transverse discs at the 
extremities,.(Genus Sptmgdla). 

(I) Flesh-spicules present; pointed, spined acerates, 

1. Skeleton-spicules numerous, flesh-spicules rather few, . 

-.* - - *. . . . S. lacustris. 

2. Skeleton-spicules few, flesh-spicules very numerous,. 

. . S . shikar thermit 

(II) Flesh-spicules absent. 

1. Sponge soft; gemmules covered with coating of air-cells resembling a honey- 
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comb, . .. . . . S. fragdis . 

2 Sponge vciy haid, skeleton-spicules big, micro-spmed, .... 

. . .. S. akanensis. 

B. Gemmule-spicules with transverse discs at the extremities. 

(I) Birotulates of one kind; flesh-spicules absent . (Genus Ephydatia). 

a. Shaft of birotulates longer than rotule diameter, no vesicular cells, . 

. . E fluviatihs . 

b. Shaft of bnotulates as long as or shorter than rotule diameter; vesicular cells 
present, 

1 Skeleton-spicules micro-spined, . . .2£ mullen . 

2 Skeleton-spicules smooth or nearly so, . E. mullen var. japomca, 

(II) Bnotulates of two kinds, one considerably longer than the other. . 

. ... . ... (Genus Heteromeyemd). 

Flesh-spicules present, spined acerates, .. H badeyi vax\ peiri 
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EXPLANATION OF THE PLATES 
PLATE IV. 

Fig. 1 Spongilla lacustns (L.); x3/14. Lake Akan. 

Fig. 2. Spongilla lacustns (L); X9/16. Lake Akan. 

Fig. 3. Spongilla lacustns (L.); x3/4. Lake Akan 

Fig 4 Spongilla lacustns (L); x3/4. Lake Akan 

Fig* 5 Spongilla lacustns (L.); xl/4. Lake Akan. 

Fig 6. Spongilla lacustns (L); X3/4. Lake Akan. 

Fig. 7. Spongilla lacustns (L), x3/4. Lake Akan. 

Fig 8 Spongilla tacustns (I,.), X3/4-. Lake Abashin. 
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Fig. 9. 
Fig. 10 
Fig. 11. 
Fig 12. 
Fig. 13. 
Fig. 14, 
Fig. 15 


Fig. 16. 
Fig. 17. 
Fig 18. 
Fig. 19. 
Fig 20. 
Fig 21. 
Fig 22. 
Fig. 23. 
Fig. 24, 
Fig. 25 
Fig. 26. 
Fig. 27. 
Fig 28. 


Fig. 29. 


Fig 30. 


Fig 31. 


Fig. 32. 


Fig. 33 
Fig. 34. 
Fig. 35. 


PLATE V. 

Spongilla shikanbensi% n sp ; x3/4 Lake Shikaiibetsu. 

Spanp^illn shikaiibensis, n. sp ; X3/4 Lake Shikaiibetsu. 

Spongilla shikanbcnsis , n sp , x3/l. Lake Shikanbetsu. 

SpongtUa f) a gill** Leidy and Spongilla lacastiis (L) Xl/4. Lake Akan. 

Spongilla fragili$ Lf.idy ; x3/4 Lake Akan 

Spongilla fragihs Leidy, x 3/1. Lake Akan 

Spongilla fragihs Leidy, X3/4, Small pond near Tomakomae. 

PLATE VI. 

Spongilla akanemis , n. sp ; x3/4. Lake Akan. 

Spongilla akancnsrs, n. sp ; X3/4. Lake Akan. 

Ephydaiia /luviatilis (L), X3/4. Lake Abashin. 

Ephydatia mull an (Lieberiujiin), X3/1- Lake Abashin 
Ephifdatia million (Lieberkuiin), X3/4 Lake Abashm 
Ephydatia midleri (Liebfrkttiin), X3/1, Lake Shikaiibetsu. 

Ephydatia million (Lieberkuiin), X3/1, Lake Shikanbetsu 
Ephydatia million (Lieberkuiin), X 3/1- Lake Shikanbetsu. 

Ephydatia, million (Lieberkuiin h X3/1* Lake Shikanbetsu 
Ephydatia million var. japomca (Hilgendorf) ; X 3/3 Lake Akan. 

Ephydatia mullcn var . japomoa (Hilgendorf), x 3/4 Lake Abashin 
Heteromoyema baileyi vai petn (Lauterborn) ; X3/4 Lake Abashiri. 
Ileteromeyema baileyi var. pet'll (Lauterborn), x 3/4. Lake Abashin 

PLATE VII. 

Spongdla lacustns (L.); Vertical section of foramen of the gemmtile. X225. 
Lake Abashin. 

Spongdla shikaiibonsis , n. sp , Vertical section of foramen of the gemmule. 
X 225. Lake Slukarihetsu. 

Spongilla fragihs Leidy; Vertical section of foramen of the gemmule. x225. 
Small pond near Tomakomae. 

Ephydatia fluviatihs (L), Vertical section ol foramen of the gemmule. X225. 
Lake Abashm. 

Ephydatia mullen (Lieberkuiin); Vertical section of foramen of the gemmule. 
x 225. Lake Shikanbetsu. 

Ephydatia mulleri var. japomca (Hilgendorf)., Veitical section of the foramen 
of the gemmule. x225. Lake Akan. 

Heteromeyema baileyi var. petn (Leuterborn). ; Vertical section of the foramen 
of the gemmule x225. Lake Abashm 
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SUR LE POIDS DES SPORES CHEZ QUELQUES 
FOUGERES JAPONAISES 


Par 

Yonosuke Ok ADA 

Institut Biologique, Faculte des Sciences, Univcrsite Impenale 
de Tokoku, Sendai 
(Re^u le 20 Aout 1934*) 

Co mine les pi antes supcrieures sont en general scdcntaires, on com- 
prenclra facilement que, quand il s’agit pour elles de la reproduction de 
Fespoco, la dissemination en est aussi importante que la multiplication du 
nombre d’individus. Ce premier but est attaint ordmairement par les 
fruits ou les graines chez les phanerogames et par les spores chez les 
pteridophytes. Les maniores en sont extremement variees, dont les plus 
dcveloppces, se tiouvant naturellement chez les phanerogames, sont toujours 
des objets d’admiration pour ceux qui s’interessent a la vie des plantes. 
On remarquera, cependant, qu’il y a aussi des methodes plus simples et 
plus primitives, dont V extreme est celle de se disperser par la Icgoretc, 
e’est-a-dire, par le caractcre des organes de dissemination qui peuvent se 
suspendre dans Fair grace a la Icgoretc de leurs corps. II y a des especes 
do phanerogames chez lesquelles se trouve cette mode de dissemination. 
Mais, c’ost dans la classc dc fougores qu’on trouve cette methode le plus 
generalement. Alors, o’est une question assez intcressante a ctudier quel 
est le poids specifique ainsi que le poids cffectif des spores chcz ces espbees 
de fou gore. Comme il no me semblait pas que cette question soit suf- 
fisanunent etudioe chez nous, je me suis charge d’en faire une petite 
recherche. J’ai ramasse des spores de quclques especes orclinaires de 
fougere chez nous et en ai otudio les points susdits. 

MATIERES ET METHODE 

Les cinq especes suivantes out ete employees pour mon etude: Osmunda 
japonica Thunb. (nom jap., Zen-mai), Osmunda cinnamomea L. (nom jap., 
Yamadori-zen-mai), Woodwardia orientalis Swartz (nom jap., Komoti-sida), 
Dnjopteris viridescens (). Kuntze (nom jap., Ryomen-sida) et Equisetum 
arvense I,, (nom jap., Sugi-na). On a ramasse leurs spores dans les champs 
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et les purifiees d’aprcs les indications donnces dans noire publication pro- 
cedente u . 

La methode employee 1c plus souvent pour Follicle du poids specifiquo 
des petits objets vivants est de preparer d’abord de la liquide do (el poids 
specifique qui correspond a ccku de Fobjet qu’on va proeiser, d y laire 
suspendre le dernier, ct ensuite de meltre cette suspension dans un cetri- 
fugeur. Quancl les particules suspendues restent ton jours imiformement 
distnbuees dans la liquide, on pent prendre qua le poids specifique des 
premieres est egal a celui de la liquide qui est deja connu. BtJLLKR, dans 
sa recherche sur les basidiomycetes 2) , a determine le poids specifique do 
leurs spores par cette methode moyennant de la solution de quelqucs sols* 
JPai essaye aussi cette methode. Mais, ayant trouve (pie, par cette methode, 
on ne peut pas oviter la deformation des corps de spores du a la plasmolyse 
et par consequent la contraction cle son volume, ct en consideration du 
calcul compliquc pour rectifier ce changement d’etat, j’ai abandonee cello 
methode et adopie une autre, e’est-a-dire, la methode du flacon pour le 
poids specifique. Je me suis servi, pour remplir le 11 aeon, de la paraffine 
liquide qui n’interfere pas avec la spore. Quelquefois, (piand on met 
dans le flacon d’abord des spores et ensuite cette liquide, on remarquo 
qu’il y a de Fair qui reste dans Famas des spores. En pareil cas, on 
met dans le vide tout le systeme, le flacon avec des spores et dc la liquide 
dedans, et Fy laisse durant quelques minutes pour climiner cet air embar- 
rassant. 

Les Spores de VEquisetum arvensc , de VOsmunda japonica et do f 
Osmunda cinnamomea sont spheriques, et il n’est pas difficile de deter¬ 
miner leurs volumes. Cellos de Dryopleris vmdcsccns sont on forme de 
spheroide allonge, dont le calcul du volume est aussi assez facile a executor. 
Quant a Woodwardia orientalis , les spores sont assez ressemblanfes a 
celles de Dryopteris , mais leurs formes ne sont pas ires exaeies, et leurs 
volumes ont ete calculcs approximativement comme si dies etaient les 
spheroi'des reguliers. On a mesure la longueur dc Faxe de spore a Faide 
d’une microscope de Zeiss (objectif DD et oculairc 5), muni d’uii micro¬ 
metre dans Foculaire, et tons les chiffres qiFon va lire clans la douxiome 
colonne de la table ci-dessous sont des moyennes cle dix mesurages. 


« Okada, Y. Notes on the germination of the spores of some ptcridophytes with special 
regard to their viability. Sci. Rep., T6hoku Imp Umv., 4 ser., Vol. IV, pp. 127-182, 1927. 
2 >Buller, A. H. R.: Researches on Fungi, 1909, London, vol. I, p. 153. 
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RESULTAT 

Le rcsultai est resume dans la table suivante: 


Espece 

Longueur de 
Faxe en jx 

Volume en 
mm' 

Poids 

specifique 

Poids elfectif 
d’une spore 
en mg 

Equisetum arvense L. 

40 

15 x 10 n 

1.26 

19X10- 1 

Osmunda japonica 

Tiiunb 

50 

29 X 10~ r> 

1.20 

35 X 10~ 3 

Osmunda cinnamomea 

L 

47 

24 x 10~ 5 

1.11 

27X10-’ 

Woodwai d a orientals 
Swartz 

81.2X56.9 

62 x 10' 5 

1.09 

G8xl0-« 

Dryoptens vindescens 

O. Kuntze 

49.8X35.1 

14x10'"’ 

1.07 

15 x 10- 5 


En realite, la forme de ces spores n etant pas toujours reguliere, les 
ch iff res donnees ci-dessus doivent avoir quelques inexactitudes. Le fait 
qu'il y a eu, parmi les spores chez VEquisetum de noire etude, quelques- 
unes qui gardaient les elateres, doit entrainer quelques erreurs aussi. 
Cependant, coin me toutes ces erreurs ne sont pas, me semble-t-il, tres 
graves, on peut considerer les chiffres ci-dessus comme quelque chose qui 
donne de la notion concernant le poids de spore chez les pteridophytes. 




ON A SNOW-PATCH ASSOCIATION AT MT. HAKKODA 1) 

liv 

Nobuwo Hayasiii 

Biological Institute, Tdhoku Imperial Unweisiti /, Sendai, Japan 
(Pis. VIII-IX, foui text-figuies and five chaiis) 

(Received Scptembei 20, 1934) 

INTRODUCTION 

Since a report by Waiilenberg (1812) 2; on the snow-patch plant m 
the Alps was published, investigations along this line have been followed 
by a number of European workers, among these a recent work of Rompel 
(1928) is prominent. He describes in this paper mainly the clllorescense 
of many flowering and lower plants. Later the study of this problem in 
America was carried on by Harshberger (1929), and he threw light 
upon this interesting and important field for ecologists, though the work 
was a preliminary account. Japan is one of the snow countries in the 
world, and affords a very convenient situation for the study of snow and 
plants, but there has been scarcely any study on this problem. This 
paper will give some results of observations on a snow-patch association 
at Mt. Hakkoda which were carried on m the summer of 1933. 

On high mountains, generally, snow remains unmelted until late summer, 
and when it finally disappears, the ground is exposed suddenly to the strong 
summer heat till it is covered by snow again m autumn. Plants must 
grow up therefore during this short summer time, being covered by snow 
most of the remaining parts of the year. Under such conditions special 
associations arc found in any high mountain region, and indeed the snow- 
patch association is one of the conspicuous plant communities there. 

At Mt. Hakkoda snow falls early in October and disappears in June 
or July usually. There are two great snow-valleys at the north-east side 
of Odake, the highest peak of Mt. Hakkoda. One of these snow-valleys 
disappears at the end of August or early in September, while the other 
remains even till the middle of September. In a year of heavy snow fall, 
a part of this valley is covered with unmelted snow even m autumn and 

D Contributions irom the Mt. Hakkdda Botanical Laboratory. No. 21. 

2 > Cited in Harshberger, p. 275. 
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meets the fresh snow of the coming season. In such a part of the valley 
no flowering plant comes out and only some kinds of moss and other 
lower plants are found. But in several places on the slopes of those val¬ 
leys, snow-patch associations composed of many kinds of flowering plants 
are found. Investigation was carried out on a snow-patch association 
on a bank of one of these valleys from the 1st till the 16th of August 
in 1933. The inclination of this valley is about 26 degrees towards the 
direction of N 55° E, The place at which the observations were made is 
situated at the left bank of this valley, and inclines with an angle of 20 
degrees towards the direction of N 80° E. The elevation is about 1450 
meters. 


L METHODS 

At the beginning of the observation, the snow-patch covered an area 
about 250 m. m length and about 30 m. in width. A stake was put at 
a point on the edge of this snow-patch as the starling point for the 
observations. From this point a 10 m. belt transect with a width of l m. 
was set outside of the snow-patch at right angles with the line of valley. 
The plants in this belt transect were observed carefully. 

There are two methods for the study of plant successions in the field: 
One is to describe the changes of an association in a certain quadrat at 
intervals of time, and the other is to observe a series of quadrats one 
after another. While the former method should he adopted only when 
the succession goes rapidly or at least the greater parts of the succession 
process are observed, the latter is convenient for the observation of the 
different stages of the succession at the same time, although it has a fault 
in that this is an indirect method itself. In this investigation the plant 
succession was observed mainly by the former method in the nearest quadrat 
to the snow-patch. But as the observations must be done during a short 
time, the latter method was also adopted, i. c. the remaining quadrats of 
the belt transect were observed at the same time, and the results of these 
two methods were compared. In short, the first quadrat was charted and 
photographed carefully and accurately every few days, while the plants 
in the other quadrats of the transect were simply recorded at regular 
intervals during the investigation. 

For the examination of shoots that came out under snow before melting, 
the snow at the border of the snow-patch was removed. Some young plants 
which sprouted in caves or gaps of snow were also examined there. 

For the observation of the soil-temperature at the root layer and the 
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air-temperature near the ground, which are two important climatic factors 
for snow-patch plants, two simple meteorological screens were set in the 
field. One at the starting point, and the other at a point 5 m. away from 
this, at the center of the transect. Maximum-minimum thermometers were 
set in these two screens, and at the base of the screen soil temperatures 
were measured. Moreover observations for the air- and soil-temperatures 
at other places were also undertaken, though not every day. The water 
content of the soil at several places was also measured occasionally. 

II HABITAT FACTORS IN THE MOUNTAINS 
1. Weather 

Mt. Hakkoda is one of the moist mountains m north Japan. Here 
prevail almost always the moistened winds from the Pacific Ocean and 
from the Japan Sea, and they often cause heavy fogs and rains. Sometimes 
even the north-wind is accompanied by cloud or ra n, so that the blessing 
at fine weather is brought only by the south-wind, As the wind is very 
changeable here in summer, we rather seldom have fair weather from 
morning till night. The weather during the observation was as follows: 


30th of July. 

Cloudy 

9th of AuguPL. 

Cloudy 

31st 

Cloudy 

10th 

Fine and Cloudy 

1st of August 

Fine 

11th 

Fine and Cloudy 

2nd 

Cloudy 

12th 

Cloudy 

3rd 

Fine and Cloudy 

13th 

Cloudy and Ram 

1th 

Fine and Cloudy 

14th 

Cloudy 

5th 

Fine and Cloudy 

15th 

Rain and Cloudy 

6th 

Rain 

16th 

Cloudy 

7th 

Fine and Cloudy 

17th 

Rain 

8th 

Fine and Cloudy 




2. Snow-Patch 


In 1933 the snow melted earlier than usual. On the first day of the 
observation, the 1st of August, snow covered an area about 250 m. in length 
and about 30 m. in width, but on the last day, the 16th of August, it had 
almost melted away. The results of the measurements showed that the 
distance between the starting-point and the border of the snow-patch 
increased every day about 86cm. on the average, having shown it’s maximum 
and minimum retreat for one day ‘about 150 cm. and 50 cm. respectively. 
The width of the snow-patch, therefore, narrowed at the rate of about 
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twice this distance per day. Snow melts most actively in the evening, and 
indeed it was observed that the increase of the distance amounted to 20 cm. 
an hour in an evening. The data are given m Table 1. 


Tablk I. 


, 

, 

Distance between 
the staiting point and 
the border of the 
snow*patch 

Retreat ol snow 

11om the line 
ol pievious day 

Rate of snow-moiling 
pel da\ 

1/VIII 

—0.14 m. * 


— 

2/VIII 

0.40 

0.51 m 

0.54 m 

4/VIII 

a. as 

2 05 

1.48 

6/VIII i 

4.52 

0.07 

0.40 

0/VIII 

7.60 

5.28 

1.00 

12/VIII 

0.75 

2.15 

0.72 

ig/viii 

12. SO 

5 05 

0.76 

"i/vIEP" 

16/vni 

V 

32.94 m. 

0.862 m. 


3. Air-Temperature 

All the measurements of air-temperature were done at a height of 
3-4 cm. above the ground. Maximum- and minimum temperatures are 
given in the screens at the starting point and at the center of the transect. 
The temperatures of these two points and of the border of the snow-patch 
were also measured aj^ll o’clock in the morning. The results are given 
in Tables II and III. As will be seen from the table the temperature at 
the border of the snow-patch is generally about 2°C. lower and at the middle 
of the transect about TC. higher than at the starting point. It is worthy 
of note, therefore, that the air temperature of the border is always lower 
than at any other place in the field, although the difference is not large*. 
The maximum- and minimum temperatures were nearly the same in both 
places, i. e. they fluctuated between 5.9M6.4°C. As the measurements 
were not done every day, the daily range would be smaller than those value's. 

At the border of the snow-patch, wc often met gaps between the snow 
and the ground. The air-temperature in these gaps was found to Ik* 
proportional to their size. When the gap was nearly closed, the air- 
temperature was practically 0°C., but the temperatures denoted about IT-., 
3-4°C. and 7-8°C. in gaps of 1 cm. 2 cm. and 4 cm. in height respectively. 
In a snow-cave, a great gap under snow, the temperature was neraly tin* 
same or somewhat lower than that in the screen which stood far from the 
snow-patch. 




A SNOW-PATCH ASSOCIATION AT MT. HAKKODA 


257 


Table II. 

Air-temperatures at 11:00 A.M. {3-4 cm. above the ground). 



At the bolder ol 
snow-patch 

At the stalling point 

At the middle point, 
l- c 5 m away fiom 
the starting point 

1/VffT 

17.5 U C 

— 

25.2°C. 

2/VIII 

18.0 

20.0'C 

21.7 

4/VIII 

19.0 

21.0 

23.2 

o/vjii 

1S.0 

to 

o 

b 

20.2 

9/VIII 

19.0 

20.5 

22 ^ 

12 /viir 

24.0 

20.0 

20.1 

i6/vin 

— 

1S.0 

19.0 


Table III. 

Air-temperatures {3-4 cm. above the ground). 



At the starting point 

At the middle point, i e. 5 m. 
away fiom the starting point 


Max 

Mm. 

Max. 

Mm. 

1/VIII- 2/VIIl 

20.0°C 

li.rc. 

24.2'C. 

Ki.9"C 

2/VIII- 4/VITI 

21.5 

13.4 

23 2 

14.4 

4/VIII- 6/VHI 

20.0 

14.1 

20.7 

14.6 

6/VIII- 9/VIII 

22.0 

16.1 

23.2 

17.1 

9/vui-i2/vm 

20.5 

10.4 

27.0 

10.0 

i 2 /vm-io/vin 

25.0 

13.1 

on o 

Mf . jJ 

13 5 

i/vniHO/vm 

20.5 

10.1 

27 2 

10.0 


4. Soil-Temperature 

Soil-temperatures were measured at depths of 1-1.5 cm. under ground. 
Results are summarized in Tables IV and V, and m Fig. 1. The soil- 
temperature near the border of the snow-patch is remarkable, but those 
far away from it are little worthy of note, as they are usually quite the 
same as the air-temperature or fluctuate only slightly from it. 

Soil-temperature at the border of the snow-patch is about 5°C. usually, 
but as snow melts, it begins to rise rapidly. For example, on the 1st of 
August, soil-temperature at A point 10 cm. from the border of the snow- 
patch was as high as 15.5°C., while it showed only about 5°C. at the border. 
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From this it is assumed that soil-temperature changes suddenly after snow 
melts. This is confirmed moreover by the fact that .soil-temperature falls 
very gently as measured at a point away from the border, such as 16.5 ( ., 
18.5°C. and 21.0°C. respectively at spots 20 cm., 30 cm. and 1 in. away 
from the border of the snow-patch. At a spot 2 m. from the border, it 
rises as high as 23°C. which is about the same as air-temperature, and 
consequently it rises no more at any place in the field. The data on 
another day showed practically the same results, although the absolute 
values were different, naturally. 

Soil-temperature under snow on the contrary is not affected by air- 
temperature. It was about 1.5°C. at 5 cm. and just 0°C. at 20 cm. inside 
the snow-patch and at any places mside this. 

In short, the change of soil-temperature caused by snow is found only 
in the space between 20 cm. inside and 2 m. outside of the border of the 


Tabus IV. 

Soil-temperatures at 11:00 A M. {1-1.5 cm. under the ground). 



At the starting point 

1 m. away from the 
starting point 

5 m. away from the 
starting point 

1/V1II 

4.7°C. 

21.0"C. 

23.0T. 

2/VIII 

19.3 

22.0 

— 

4/VIII 

26.0 

— 

28.0 

6/VIII 

20.5 

20.7 

20.5 

9/VIII 

23.8 

23.3 

23.2 

12/VIII 

28.2 

28.5 

28.5 


Table V. 

Soil-temperatures ( 1-1.5 cm. under the ground). 



Under snow covering 
Distances from the 
border of the snow- 
patch in m 

Border 
of the 
snow- 



Uncovered place 
Distances ftom the border 
the snow-patch m m. 

of 




0.5 

0.2 

0.05 

patch 

01 

0.2 

0.3 

0 5 1.0 2 0 3.0 4 0 

5 (1 

7.0 

10.0 

1/VIII 

0° 

0° 

— 

4.7° 

15.5’ 

16 5° 

18.5’ 

19 5° 21.0° 23.0” 23 0° 23.0" 

23,0° 

28.3" 

22.7° 

4/VIII 

0 

0 

1.5 

5.0 

— 

— 

— 

— — — 

— 

— 

— 

9/VIII 

0 

0 

1.5 

5.0 

10 5 

IB 0 

17 5 

18.5 — 23.0 — — 

— 

— 

23 3 

12/VIII 

0 

0 

1.5 

4.7 


— 

— 

— — — — — 

— 

— 

28.2 
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snow-patch, and the soil-temperatures beyond this region remain always 
practically constant. 

G 



Fig. 1 Soil-temperature near the border of the snow-patch. 

Ordinate — Soil-tempeiatuie. 

Abscissa — Distance from the bordei of the snow-patch 
-1/VIII. -x-9/VIII. 

5. Temperatures of Snow and Thawing Water 

The temperature at the surface of snow is very low in winter, but it 
is quite another thing in summer. The temperatures of snow in summer 
near the surface and in the interior are uniformly OT. As the snow in 
the snow-valley melts, the thawing waters run down under the snow-patch, 
and at last gather into a brook. The temperature of this thawing water 
is just (fC. in the spring at the lower end of the snow-patch, but rises 
rapidly when the water is exposed to air. For example, the temperature 
of thawing water at a place 4 m. away from the spring had already risen 
to 1.5°C. 

It is worth note, that the thawing water in a snow-cave of a melting 
bank is not very cold, showing about 4.5°C., and sometimes even more 
than 10°C. 


6. Water Content of Soil 

The water content of the soil was measured at several places, some 
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relation between water content and soil temperature being expected, 
especially at the border of the snow-patch, where the temperature is 
changeable. But the results proved quite otherwise, as far as the sam¬ 
ples collected at a depth of 1-1.5 cm. under the surface show, for the' soil 
was almost always saturated, and its water content was about 50-60 per 
cent, as given in Table VI. 


Table VI. 

Water content of soil in % {1-1.5 cm. under the ground). 



Under 

snow 

Bolder 
of the 

Uncovered place 

Distances from the hordei o( the snow-paleh m m 


covei- 

ing 

snow- 

patch 

0.1 0.2 0.8 0.5 1.0 2.0 5 0 10.0 

4/VIII 

55. S 

1 60.0 

00.5 59.5 52.9 5-1.8 52.5 58.5 50.5 00.1 

9/vni 

— 

61.2 

55.2 62.1 01.8 55.5 55.I - 50.5 


Ill RESULTS OF THE INVESTIGATIONS 
1. Aspect of the Vegetation m the Quadrat 
a) On the 1st of August (Chart 1). 

A part of the investigated place was covered by snow in the morning, 
but the whole was exposed in the afternoon. As soon as the snow 
disappeared a quadrat was laid out and charted. Primula nipponica and 
Fauria Cnsta-galli had sprouted already under snow, and their shoots were 
exposed to sun shine as the snow melted. The height of the. shoots 0 of 
Primula nipponica was about 6 mm. and the she of the plants was about 
3 mm. The length of the shoots of Fauria Crista-galli. was about I 2 mm. 

At the middle of this quadrat, 50 cm. from the starting point, where 
snow had retreated on the day before, the shoots of Primula nipponica 
had already begun to unfold, having reached a size at about 6 mm. and 
the length of the shoots of Fauria Crista-galli was about 6 mm. 

At the end of this quadrat (1 m. from the starting point), where snow 
had retreated one or two days before, the shoots of Fauria Crista-galli 
had already reached 10-15 mm. in length, and the blade and stalk of leaves 
were clearly distinguishable. The leaf-blades began to unfold immediately. 
Almost the same was observed in Primula nipponica, but its center leaves 


»In the following paragraphs the dimension of the plants is given on the average 
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were not yet unfolded. No shoot oL any other plants was found except 
a few small ones of Carex blepharicarpa. Old leaves of Loiseleuria pro- 
cumbens remained withered there. 



("hart 1. Quadiat on the IsL of August. 

O Primula nipponica 4 Loisoleuna piocumbons 

® Fauna Crista-galli. M Moss. 

@ Caiox blephai icaipa. R Rock. 

The cover degree of each species in this quadrat was as follow: 
Primula nipponica (2), Fawria Crista-galli (1), Loiseleuria procumbens (2), 
Carex blepharicarpa (4-). 

b) On the 4th of August (Chart 2). 

The snow at the starting-point had disappeared three days before, the 
distance between this point and the border of the snow-patch having reached 
already about 3.3 m. At the starting-point, the shoots of Primula nipponica 
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had quite opened, having reached about 30 mm. in size, and flower-buds 
were found. Leaf-blades of Fauna Crista-galli had half opened and the 
length of their stalks reached about 1 cm. 



Chart 2. Quadrat on the 4th of August 

1 or O Primula nipponica 6 Pedieularis japomea. 

2 or 0 Fauna Crista-galli, 7 Peucedanum multivittatum. 

4 Loiseleuria procumbcns. 8 Phyllodoce aleutica, 

5 or ® Carex blepharicarpa. 

At the center of the quadrat, flower-stalks of Primula nipponica 
appeared. Leaf-blades of Fauria Crista-galli were quite unfolded, and the 
length of leaves was about 5 cm. Carex blepharicarpa had grown up and 
reached about 30 cm. in height, but the shoots of Pedicularis japonica and 
Peucedanum multivittatum had only begun to unfold. 

At the end of the quadrat, the flower stalks of Primula nipponica had 
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already reached about 10 mm. and the length of the leaves of Fauna 
Crista-galli sohwed about 7 cm. Even Carex hlepharicarpa had reached 
5 cm. in height, and the leaf-blades of Pedicularis japonica and Peucedanum 
multivittatum finally began to unfold. 

The cover degree of each species was as follow: Primula nipponica 
(3), Fauria Crista-galli (3), Carex hlepharicarpa (1), Pedicularis japonica 
(1), Peucedanum multivittatum (1), Loiseleuria procumbens (2). 

c) On the 6th of August (Chart 3). 

Five days had passed since snow disappeared from the starting-point, 



Chart 3. Quadrat on the 6th of August. 

1 Primula nipponica. 5 Carex hlepharicarpa. 

2 Fauria Crista-galh. 6 Pedicularis japonica. 

3 Geum pentapetalum. 7 Peucedanum multivittatum. 

4 Loiseleuria procumbens. 8 Phyllodoce aleutica. 
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and the distance between the starting point and the border of the snow- 
patch had reached about 4.3 m. The aspect of the vegetation at the 
starting-point was practically the same as that observed at the end on the 
4th ot August, except that shoots of Gemn pentapetalum were found. 

At the center of the quadrat, the flower-stalks of Pi i mu l a nipponica 
had grown up about 20 mm., and leaves of Fauna Crista-palli were about 
9 cm. and the height of Pedicularis japonica was about 2 cm., whereas 
Peucedanum multivittatum reached about 5 cm. Leaf-blades ol Gemn 
pentapetalum had not yet unfolded, but some flower-buds were found on 
Carex blepharicarpa. 

At the end of the quadrat, the height of Fauria Crisia-galli , Pedicularis 
japonica and Peucedanum multivittatum were about 10 cm , 3 cm., and 7 cm, 
respectively. The flower-stalks of Primula japonica reached over 3b mm. 
and its flowed buds had grown large. Geum pentapetalum forth out flower- 
buds. Carex blepharicarpa was m flower. 

The cover degree of each species was as follow: Primula nipponica 
(3), Fauria Crista-galh (4), Gemn pentapetalum (1), Carex blepharicarpa 
(1), Pedicularis japonica (1), Peucedanum multunttatum (l), Loiseleuria 
procumbens (2). 


d) On the 9th of August (Chart 4). 

The distance between the starting-point and the border of the snow- 
patch advanced about 7.6 m. as the 8th day passed since snow disappeared 
at the starting-point. The leaves of Fauria Crista-gal I i completed their 
growth, and some flower-buds came out. While the flower-buds of Primula 
nipponica gradually began to open at the starting-point, some of them 
were in flower at the center, and the flowers wore at their best at the 
end of the quadrat. The growth of leaves on Geum pentapetalum also 
nearly ended and many flower-buds appeared. Pedicularis japonica reached 
about 5 cm., and Carex blepharicarpa was in full flower. 

The cover degree of each species was as follow: Primula nippomca 
(4), Fauria Crista-galli (5), Geum pentapetallum (1), Carex blepharicarpa 
(2) Pedicularis japonica (1), Peucedanum midtivittatum (1), Phyllodoce 
aleutica ( + ), Loiseleuria procumbens (2). 

e) On the 12th of August. 

The distance between the starting-point and the border of the snow- 
patch reached as far as 9.75 m,, 11 days having passed since the retreating 
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of the snow from the starting-point. As the growth of all the plants 
the quadrat was nearly complete on this day, almost the same aspect was 



Chart 4 Quadrat on tho 9th of August. 

1 Primula mppomea. 5 

2 Fauna Crisla-galh 6 

2 Gcum pontapetalum. 7 

4 Loisclourui piocumbens 8 


Carox blophanoarpa 
Pediculans japomeu. 
Poucodanum multivdtatum. 
Phyllodoro aloutrea 


seen all over the quadrat. The flowers of Primula nipponica and Carex 
blepharicarpa were at their best. 

The cover degree of each species was naturally the same as that on 
the 9th of August. 


1) On the 16th of August (Chart 5). 

The snow-patch had nearly disappeared and only a small mass of snow 
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was found at a point 12.8 m. away from the starting-point. Almost all 
the flowers of Primula nipponica were gone and only a few were found 
at the starting-point, and plenty of fruit was seen on Carer, blephanearpa . 
But Fauna Crista-galh was yet m flower, and finally the (lower-buds of 
Geum pentapetalum, had grown up, and even those of Peueedanum multivitr 
tatum came out. Pedicularis japonica , winch grows most slowly in this 



Chart 5. Quadrat on the 16th of August 

1 Primula nipponica. 5 

2 Fauna Cnsta-galli. 6 

3 Geum pentapetalum. 7 

4 Loiseleuria procumbens. 8 


Carex blephanearpa. 
Pedicularis japonica. 
Peueedanum multmttalum. 
Phyllodoce aleutica. 


association, reached 10-15 cm. Fresh shoots of Loiseleuria procumbens 
with many new buds were quite conspicuous at this time. 

The cover degree of each species had not changed since the 9th of 
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August. 

The quadrat was not observed any longer, for the development of this 
association was quite complete when the growth of Pedicularis japonica 
ended. In short, the plant succession of this association followed the 
following series. Primula nipponica and Fauria Crista-galli as the first 
exhibitors put forth their shoots under snow covering, and at the earliest 
stage the former played the greater part as the dominant species of the 
association, then the latter soon grew up and took the place of the former 
at the next stage. The leaves of Fauria Crista-galh when grown are 
usually eaten by insects, mainly by a kind of grasshopper. At the latter 
stage of the succession, Geum pentapetalum spread among the withered 
leaves of Fauria Crista-galli. At that time Primula nipponica was almost 
withered, and no fresh leaf was found there (Table VII. lig. 2). 

Therefore, three stages are recognized in the succession of this snow- 
patch association: The first of Primula nipponica , the second of Fauria 
Crista-galli , and the last of Geum pentapetalum . 


Table VII. 

Aspect of the vegetation in the quadrat . 
Numbers in parenthesis show the covor degree. 



1/VIII 

4/VIII 

6/VIII 

9/vm 

12/vni 

iG/vrn 

Primula 

nipponica 

Shoots 
began to 
unfold (2) 

Flower- 

buds 

(••<) 

Flower- 
buds began 
to unfold 

(a) 

Flowers 

U) 

In full 
flower 

CD 

Flowers 
were gone 

«f> 

Fauna Cnsta- 
galli 

Shoots 

0) 

Leaf-blad¬ 
es began 
to open 

on 

c-o 

Flower- 

buds 

f5) 

(s; 

Flowei s 

C5) 





Leaves 



Geum penta¬ 
petalum 



Shoot (1) 

opened, 

Flower- 

a) 

CD 

- . 



' 

5 cm. in 

buds Cl) 

7 cm in 



Carex blcphan- 
carpa 

Shoots 

(+) 

a) 

height 

Flower- 

height 

Flowers 

(SO 

Fruits (2) 



buds (1) 

(2) 



Pedieulans 


Shoots (1) 

Leaves 

5 cm. in 

0) 

10-15 cm. 

japonica 


unfolded (1) 

height (1)_ 

in height(l) 

Peucedanum 


Shoots (l) 

Leaves 

a) 

Cl) 

Flower- 

multi vittatum 


unfolded (1) 

buds (2) 

Phyllodoce 

aleutica 




Shoots (4-) 

(+) 

(4) 

Loiseleuna 

procumbens 

(2) 

(2) 

(2) 

New 

leaves (2) 

(2) 

(2) 
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Fig. 2. The Covei degree of the mam species in the quadrat 

Ordinate Cover degiee. -Geum pcntapetallum. 

Abscissa Date of the observation —•—*—•— Cat ex blephancarpa 

——- Primula nipponica PedicuLiris japomca 

---Fauna Cnsta-galli. —— Peucedanum multivitlalum 


2. Aspects of the Vegetation in the Belt Transect (Table VIII). 
a) On the 1st of August. 

The end quadrat of this 10 m. belt transect was exposed as a result 
of snow melting about two weeks before, i.e. in the middle of July. The 
aspect of the vegetation in the first 1 m. quadrat was described m I he 
previous chapter, so it needs no further description. 

Aspects of the vegetation between 1 m. and 1 5 m. away from the 
starting-pomt were nearly the same as in the first quadrat, and indeed 
there were to be found no plants, except Primula nipponica and Fauria 
Crista-galli. Geum pentapetalum , Peucedanum mvltiviitalum and Carex 
blepharicarpa were found only at 2 m. away from the starting point, and 
at 2.5 m. Primula nipponica had already many fairly large flower-buds, 
and Fauria Crista-galli had grown about 1 cm. high. At 3 m. Fauria 
Crista-galli opened its leaves completely, and Primula nipponica and Carex 
blepharicarpa began to flower, and moreover Phyllodoce aleutica had flower- 
buds. Almost the same aspect was shown till about 5 m. away from the 
starting-point, and indeed here the flowers of Primula nipponica and 
Carex blepharicarpa were at their best, and Geum pentapetalum and 
Peucedanum multivittatum had grown up. At 7 m. the flowers of Primula 
nipponica began to fall, and at 8 m. those of Primula nipponica as well 
as Carex blepharicarpa were gone completely. At 9 m. Geum pentapetalum 
and Tofieldia Okuboi were in flower, and Fauria Crista-galli had large 
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flower-buds. At the end of this belt transect, 10 m. away from the starling" 
point, flowers of Geum pentapetalum were over, but those of Phyllodoce 
aleutica and Shortia soldanelloides var. genuina f. typica wore still out. 


b) On the 9th of August. 


The distance between the starting-point and the border of the snow- 
patch was about 7.6 m. Therefore, the aspect of the vegetation at the 
starting-point on this day would be assumed to be the same as that at 7.6 m. 
from the starting-point on the 1st of August, but in reality it was nearly 
the same as that at 5 m. on that day. This is owing to the fact that the 
speed of snow-melting in July is slower than in August. 

As above stated on the 1st of August, m the end of the transect the 
flowers of Primula nipponica and Carex blcpharicarpa were over and plenty 

of fruit was seen. Almost the 



Fig 3. Schema of the plant zones sur¬ 
rounding the snow-patch. 

S. Snow-patch. 

1 Zone of earth-colour. 

2 Green zone. 

3. Distinctly white zone. 

4. Green narrow zone. 

5. Dull white zone. 

6. Outer field. 


same aspect as this was shown 
at the center of this transect, i.e, 
at 5 m. from the starting-point. 
But here, Tofiekha Okuboi was 
in flower, and the growth of 
Peucedanum multivittat a m and 
Pedicularis japomca was almost 
completed. At 7 m. Peucedanum 
multimttatum and Phyllodoce aleu¬ 
tica weie in flower but at 9 m. 
Geum pentapetalum had fruit, 
and at the end of the transect 
even Shortia soldanelloides v, 
genuina /’. typica fructified. 

As the aspects of the vege¬ 
tation on both sides of the snow- 
patch are practically uniform in 
nature, so we will find zones 
surrounding the snow-patch, if 
we look at it from a distance 
(fig. 3). The inner most zone of 
earth-colour is 1.5-2.0 m. wide, 
and has only some small shoots 
of Primula nipponica and Fauria 
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Crista-galli surrounding the snow-patch directly. Outside of this lies a 
green zone about 1.5 m. wide, which is composed of the grown up shoots 
of those two plants mixed with other herbs. This is surrounded by a 
distinct white zone of about 2.5-3.0 m. width, which originates from the 
pretty flowers of Primula nippomca at their best. Outside ol this again 
lies a narrow green zone, which is composed of the withered flowers of 
Primula nippomca . A dull white forms the outermost zone, and here Geum 
pentapetalum is m flower. But the boundary of this zone is not so clear 
as the former ones, continuing into the green vegetation of the field. 

3. The Snow-Patch Plants under Snow. 

Some plants can grow easily under a snow covering if there is a gap 
between the snow and the ground, as described before. Now the results 
of the observations on the shoots of Primula nippomca and Fauria Crista- 
galli under snow will be described. For facility of observation, the snow 
near the border of the snow-patch was first removed. The depth of snow 
covering here at 1 m. inside the border, was about 30 cm. 

As mentioned above, at the border of the snow-patch the height of the 
shoots ol Primula nipponica was about 6 mm , their size was about 3 mm. 
and the length of a shoot of Fauria Crista-galli was about 3 mm. No shoot 
of Fauria Crista-galli was found inside of 30 cm. but many shoots of 
Primula nippomca were lound even at 1 m. inside the border, and they 
had reached already a height of about 4-5 mm. and a size of about 2 mm. 
The development of the shoots under snow at 50 cm. as well as at 30 cm. 
inside was practically the same as that at the border of the snow T -patch. 
From this, it is found that Primula nipponica can grow at more than 1 m. 
inside a snow-patch where the depth of snow-covering reaches over 30 cm. 

IV IJFE-CYCLE OF TIIK SNOW-PATCJI PLANTS. 

The rate of growth of plants near the snow-patch is very rapid ; some 
plants grow up within only three weeks, and even the plants which grow 
most slowly need noly one and a half months for fructification after sprout¬ 
ing. The snow-patches in this place generally disappear at the end of 
August or early in September, and snow falls early in October. Therefore 
the plants are able to grow only one and a half or two months here, and 
they may be called true snow-patch plants (Harshberger p. 276). 

The growing periods of these snow-patch plants will be described in 
the following paragraphs. 
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a) Primula nipponica . 

Shoots were put forth under snow more than two days before the snow 
melted, and began to unfold within a half day alter being exposed to air. 
Some flower-buds were found on the 4th day, and flower-stalks grew up 
on the next day, flowers came out on the 9th day and began to fall on 
the 15th day and were all gone on the 16th day. 

b) Famia Crista-galli. 

Shoots of this also were put forth under snow before melting. Leaves 
began to unfold on the 3rd day, and opened completely on the 5th day. 
Flower-buds were found on the 10th day. Flowers were at their best on 
the 15th day and fall mostly on the 20th day. 

c) Carex blepharicarpa. 

Shoots were put forth on the 4th clay after the snow melted, but some¬ 
times were found already on the 2nd day, and then grew very fast. Many 
flower-buds were seen on the 3rd day, flowers appeared on the flth day 
and plenty of fruit was found on the 11th day. 

d) Geum pentapetalum. 

Shoots appeared on the 5th clay after the snow melted. Leaves unfolded 
on the 9th day, and some flower-buds were found on the 11 th day, flowers 
were opened on the 15th day, but had gone by the 18th day, and much 
fruit ripened on the 22ncl or on the 23rd day. 

e) Peucedanum multivittatum. 

Shoots were put forth on the 5th day after the snow molted. Leaves 
unfolded completely on the 10th day, many flower-buds came out on the 
17th day, and were all gone already on the 20th day. 

f) Pedicularis japonica. 

The shoots came out on the 5th day after the snow melted. Leaves 
finally unfolded completely on the 20th day. This is the plant which grows 
most slowly m this association. 
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g) Tofieldia Okuboi. 

The clay oi sprouting was not ascertained, for there were very few 
plants. Flowers were gone on the 15th day after snow-melting. 

h) ShorUa soldanelloides v. genmna f. typica . 

The day of sprouting for this also was not ascertained, for the plant 
was rare in the association. Flowers fell on the 15th day and fruit came 
out on the 22nd or 23rd day after the snow melted, 

i) Phollodoce aleulica. 

This is an ever-green plant. Flower-buds were found on the 4th day 
and flowers were gone on the 15th or 16th day after snow-melting. 

j) Loiseleuria procumbens. 

This is another ever-green plant. A fairly great number of these plants 
was found but they were all almost dying, and no flower was found. 

V. SOIL-TEMPERATURE, LIGHT-INTENSITY AND THE 
GROWTH OF PLANTS 

Although the air-temperature and water content of soil must play a 
great part in the growth of perennials before and after sprouting, the 
results of the observations showed on the one hand that the difference of 
air-temperature between the border of the snow-patch and places far away 
from it was little, and on the other hand that the water content of the 
soil was nearly the same at any place whether it‘was tested under snow 
or at exposed places, for the soil was always saturated. Therefore neither 
the air temperature nor the water content of the soil controls the change 
of the, aspect of the vegetation, at least in this case. 

1. Soil-Temperature and Plants. 

The soil-temperature changes suddenly near the border of the snow- 
patch (Table IV and fig. 1). The relation between this sudden change 
of soil-temperature and the aspects of vegetation will be discussed in the 
following paragraphs. The growth rates of Primula nipponica, Fauna 
Crista-galli and Carex blepharicarpa are given in Table IX and fig. 4. 
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Under snow cover mg, Border 
distances fiom the of the 
border of the snow- snow- 
patch (m m ) patch 

0 5 0 3 0.1 


Uncovered place, dis(, 
from the hot dot of 
snow-patch (in m 


Primula 

nippomca 

Fauna Cn- 
sta-galli 
Carex ble- 
phancarpa 


Height 

Diameter 


4-5 5-6 5-6 
2 2-3 2—3 


4 6 4.8 8 8 10 

3 3-4 4 4 (i 8-10 


6 10- Ih 30 70 00 1R0 
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a) Primula nippomca. 

At a point 1 m. inside the border of the snow-patch the height and 
size o[ this plant showed about '1-5 mm and 2 mm. respectively Now the 
snow at this place would disappear within 2 days, so we can assume that 
this plant had sprouted out under a deeper snow covering at a recent day. 
At 30 cm. inside the border the height and size of the shoots was about 
5-6 mm. and 2-3 mm. respectively. At the border, however, they reached 
about 6 mm. and 3 mm. respectively. From these data, we are convinced 
that the shoots grow very slowly under snow at a temperature of just 0°C. 

While the shoots at the border and at 10 cm. away from it were almost 
the same height, those at 15 cm. reached about 8 mm. m height and 4 mm. 
in size. But the shoots 50 cm. away from the border had a height of 
about 10 mm. and a size of about 6 mm. From this it is proved that the 
growth of this plant after the snow melts is remarkably rapid, presumably 
beginning within an hour after the snow is gone. While the soil-temperatures 
at 10 cm. and at 5 cm. inside of the snow-patch were 0°C. and 5°C. respect¬ 
ively, it registered 15.5°C. at 10 cm. away from the border. From these 
facts, we are convinced that the growth of the plant is affected principally 
by the rise of soil-temperature, and measurable change in the size of a shoot 
takes place withm one or two hours when the soil-temperature rises. 

b) Fauna Crista-galh . 

At 30 cm. inside the snow-patch, where the soil-temperature was just 
0"C., many shoots were put forth under snow. Two hours afterwards, snow 
having disappeared, the shoots of 1-2 mm. were exposed to the open air. 
At the same time shoots of about 3 mm. were seen at 15-20 cm. from 
the border. The growth of the shoots was remarkably rapid within about 
three hours alter the rise m soil-temperature. Yet the reaction of this 
plant to the rise in soil-temperature was not so distinct as Primula nipponica . 

c) Carex blepharicarpa and others. 

The shoots of Carex blepharicarpa were first found at a place from 
which snow had disappeared only one day before. The soil-temperature 
was about 19"C. This plant did not react to the rise in soil-temperature 
so quickly as the former plants. The other plants in the snow-patch sprout 
out gradually in three to five days after the snow melts. Thus the reac¬ 
tion of these plants to the rise of soil-temperature is not noticeable, yet 
it is quick enough compared with ordinary plants. 
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2. Light Intensity and Sprouting. 

The most important factor in the growth of shoots of Primula nipponica , 
Fauria Crista-galh, and others is the soil-temperature. But the sprouting 
of Primula nipponica and Fauria Crista-gal 1 1 is not primarily caused by 
the rise of soil-temperature. As mentioned above, they shoot out under 
snow of just 0°C., the temperature which has remained practically constant 
under the snow covering since the past winter. Therefore, probably light 
plays a great part in the growing of those plants under snow. As snow 
melting proceeds in summer the ground under snow becomes lightened and 
this facilitates the sprouting of the shoots which have been at rest in the 
winter period. 

The relative light intensity under snow has been studied by Rubkl, 
and later was measured more precisely by Gotz who came to nearly the 
same result. 

Now at the place where Fauria Crista-galli sprouted the thickness of 
the snow covering was about 10 cm. so that the relative light intensity 
was assumed to be about 1/30, whereas Primula nipponica appeared under 
a snow covering of more than 40 cm. thickness so that, the relative light 
intensity must have been less than 1/300, according to the data of Ruble. 
These young shoots under snow are always green with chlorophyll; probably 
they can assimilate at any rate under snow. Many interesting problems 
concerning such shoots under snow remain for further investigation. 

VI PLANTS IN SNOW-CAVES AND THAWING WATER. 

There were few caves or large gaps under snow on the lower banks 
of the snow-patch. The results ot the observations undertaken in these 
snow-caves and in thawing water will he described here 

Primula nipponica and Lysichiton camtschatense are sometimes in (lower 
in these snow-caves or gaps. As mentioned above, tin* air therein is not 
so cold as one would expect. Air-temperature in the eaves where Primula 
nipponica or Lysichiton camtschatense were in flower was usually 7 10 < 
whereas it was about 15°C. at any place outside the snow-patch. Lysichiton 
camtschatense was found usually m thawing water in a cave of about 2 f>V. 
which rose sometimes to 10°C. It is noteworthy that the plant did not 
flower at any place cooler than 2~5°C. The leaves of Lysichiton camtscha¬ 
tense in a snow-ca\e are mostly yellowish whiles but those* of Primula 
nipponica are usually green. 

Thawing water which sprang from the lower part; of the snow-patch 
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ran down as a brook, and the water-temperature was just 0°C. Even m 
this cold water, spore formation of a moss was observed. 

I wish to express my hearty thanks to Prof. Y. Yoshu, under whose 
direction this work was made. 


SUMMARY 

1) A snow-patch association was investigated in a snow valley on the 
north-east side of Odake, the highest peak of Mt Hakkoda. The elevation 
of this place is about 1450 m. Here snow falls early in October and dis¬ 
appears m the end of August or early in September every year. 

2) The investigation was undertaken from the 1st to the 16th of August 
in 1933. At the beginning the area of the snow-patch was about 250 m. 
in length and about 30 m. in width, but all the snow disappeared during 
the investigation. A 10 m. belt transect 1 m. wide was set from the border 
of the snow-patch at right angles with the line of the valley, and the plant 
succession was observed. 

3) The weather in this mountain region was very changeable. Air-tem- 
porature at 3-4 cm. above the ground at the border of the snow-patch 
was nearly the same as that far away from it, and was about 18-19C. 
on the average. Soil-temperature at a depth of 1-1.5 cm. at a place far 
from the snow-patch was nearly the same as air-temperature, while it was 
just 0°C. at 20 cm. mside the snow-patch. Soil-temperature changed sud¬ 
denly near the border of the snow-patch, especially between 5 cm. inside and 
10 cm. outside. 

4) The growth rate of the plants is very rapid. Most of them end 
their life within only three weeks, and even the plants which grow most 
slowly need only one and a hall months. 10 species were found m this 
association, two belonging to evergreen plants. Almost all plants put forth 
shoots on the 4th or 5th day after the snow melts. Primula nipponica 
and Fauna Gnsta-galli had already sprouted under snow covering, and 
grew rapidly after* the snow melted. This was caused mainly by the sudden 
rise of soil-temperature. 

5) The sprouting of Primula nipponica and Fauria Crista-galli are 
effected by the increase of light intensity under snow. Primula nipponica 
is able to sprout even under a snow covering of more than 40 cm. where 
the relative light intensity is assumed to be about 1/150-1/400. At that 
time it is green with chlorophyll. 

6) Primula \nipponica and Lysichiton camtschatense are sometimes in 
flower in caves under snow. The air-temperature in such caves is compara- 
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lively high, and indeed is usually 7-10°C. Lysichiton camtschatense is 
found in the thawing water in snow-caves where the water temperature is 
2-10°C. Spore formation of a moss is observed even in thawing water 
of 0°C on the lower bank of the snow-patch. 

LITERATURE 

Harshberger, J W., Preliminary notes on Amencan snow patches and their plants 
Ecology Vol X, p 275, 1929. 

Rompel, J, Reobachtungen uber die bis zum Aufbluhen alpinei Aiten verst icichende Aper- 
zeit Osterr. Bot. Zeits Bd LXXVII, p. 178, 1928. 

Rubel, E., Lichtkhma und Lichtgenuss. Hand. d. biol. Arbeitsmethoden, AI>t XI, Toil 5., 
p. 233, 1928. 


EXPLANTION OF THE PLATES 
PLATE VIII 

Aspect of the vegetation at the same place (0-0 3 m away from the bolder) in 
the quadrat at intervals of time. 

1. On the 1st of August 

2. On the 4th of August 

3. On the 6th of August 

4. On the 9th of August 

5. On the 12th of August. 

6. On the 16th of August. 

PLATE IX. 

Aspect of the vegetation at various parts in the belt transect at I he same time. 

7 1-1 3 m away from the boiclei of the* snow-patch. 

8 2-2 3 m 

9 5-5.3 m. 

10 7-7 3 m. 

11 9,7-10 m 

12 About 30 m. „ 





Sci. Rep , Tohoku Imp. Umv., Ser IV, Vol. IX, PI. VIII. 



N. Hayashi : On a Snow-Patch Association at Mt Hakkoda. 











































































9 


12 


N. IIayasiii : On a Snow-Patch Association at Mt. Hakkoda. 
















































































THE COLONY OF THE L1TTORINA: LITTO- 
RIVAGA BREVICULA (PHILLIPPI) 0 

Bv 

Noboiui AbK 

The Manne Biological Station , A samushi, Japan 

V,With fivo toxt-ligmosj 
(Received September 25, 1924) 

INTRODUCTION 

Litlorivaga bremcula (PniLLrm) is widely distributed in Mutsu Bay and 
is lound forming a colony on a rock, at times as large a number as more 
than 2000 individuals are found within a colony. Formerly, I have studied 
on the colony of the limpet, Acmaea dorsuosa Gould, (N. Abe, 1930) 
and it was thought desirable to compare the colony formation of the 
limpet with that of IAttonmga. With this idea just stated the next 
observations and experiments were carried out at the Asamushi Marine 
Biological Station. 

Before going further 1 wish to express my sincere thanks to Prof. 
SniNKisiii 11 atm for his kind advice to my studies and correction ot the 
treaties. On the identification of the species, l am indebted to Mr. 
ToKtmuf Kuuoda, whom I wish to express my hearty thanks. 

I. DISTRIBUTION OK UTTORIVAGA 

Distribution of IMtmvaga bremcula in the neighbourhood of the Station 
is shown in Fig. 1. Comparing the distribution ol this gastropod to 
Acmaea dorsvosa CouuP (N. Ann, 1931), the latter inhabits the rocks 
where surging waves wash more frequently than other rocks; while the 
former inhabits the rocks where waves splash less strongly. Littorivaga 
is chiefly found on little rocks on a pebbly shore and 1 have never seen 
these gastropods inhabiting a sandy shore. 

Mitsukuri (1901), Haseman (1911) and many other investigators have 
already shown that the Littorina inhabits the littoral zone. In the neigh- 

UContribution from the Marine Biological Station, Asamushi, Aomori-Ken. No. 115. 

2 ; According to kindness of Mr. Iwao Taki, the specific name of this gastropod is changed 
to Patelloida ( Tedura ) grata dor mom (Gould). 
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bourhood of this Station, this gastropod also inhabits the littoral zone, 
but there is seasonal changes in its habitat as will be shown in the later 
pages of this paper. 



Fig. 1 Distributions of Littonvaga brevicula. Main habitat of Littoiwaga 
bievicula Main habitat of Acmoea dorsuosa Gould 

A — Yunoshima, B — Gomishima, C — Hadakashima, 

D — Marine Biological Station, E — Asamusbi 

i) Distribution as a colony. I have mainly paid my attention to the 
positions where the colonies are formed. At first I have determined five 
different positions at several localities where the colonies are formed and 
numbered 1 to 5 as are shown in Fig. 1. On the pebbly shore, the 
position of the colony was determined taking high tide line where short 
branches, straws and many other flotsams are gathered by waves as the 
origin, then measuring the distances sea-ward where the Littorivaga are 
inhabited. The results are shown in Table I. 

In Table I, the seaward limit of habitat is about the same as the 
line of low-tide and the colony extends landwardly occupying usually one 
third of the entire littoral zone, but occasionally the size of the colony 
may occupy almost the middle of the littoral zone or the mean water 
level. 

As to the position of the colony on little rocks or pebbles we find 
that it is formed on about the top of those as will be seen from Fig. 2. 
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Table I. 


Positions of colonies of Littorivaga brevicula measured 
from high-water line. 

(Oct 18th, 1933) 


No of 
locality 

Dn ection 

Landward 

Landwaid 

Level along 
the maximum 
number of 
colonies 

Seaward 

Seaward 

of the 
shoreline 

limit of 
the snails 

limit of 
colony. 

limit of 
colony 

limit of 
the snails 

1 

NWW 

O.lin. 

19m 

3.4m 

4.2m 

6 0 m. 


sww 

<N 

O 

1.7 

2.8 

3.8 

5.7 

2 






0 1 

2.0 

2.8 

3.7 

6.1 

<> 

w 

0 3 

0.95 

2.6 

3.5 

5.8 

«> 

0.1 

1.2 

2.4 

3.7 

5.7 


s 

0.5 

1 0 

2 3 

2 5 

4.1 

4 







1.1 

2.1 

3.65 

4.4 

5.1 


w 

o 3 

1 8 

3 1 

3.5 

4.2 

5 







0.5 

0 95 

2 5 

3 1 

4.7 
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Table II. 
Direction of colony . 


10 


NEE 

E 

S 

E=edst, W = west, N = north and S~ south, etc 
“ Localities 6 and 7 were newly added 

In Table II, it is seen clearly that the positions of the colony oppose 
the direction of the shore and thus it has no relation to the direction of 
sun light, but rather seems to me to be related to the direction of waves. 
Fig. 3 shows that the colonies are formed on the side of rock where the 
waves do not directly strike. 


No. of 
locality 

Direction 
of the 
shore 

1 

2 

;> 

1 

NWW 

SE 

SSE 

SE 

2 

sww 

NE 

E 

SE 

.> 

w 

SE 

SEE 

E 

4 

S 

N 

NNE 

N 

5 

w j 

E 

E 

E 

6“ 

SE i 

NW 

NW 

NW 

7”" 

N j 

S 

S 

S 


Dnection of colony 


4 

5 

6 

7 

8 

9 

SE 

SEE 

SE 

SEE 

SEE 


E 

E 

E 

E 

E 


SEE 

E 

E 

E 

E 

E 

N 

NEE 

E 

E 

SEE 

E 

E 

NNW 

NNW 

NNW 

NW 

NW 


S 

S 

SSE 

SSE 

SSE 

S 



Fig 3 Colony of Littonvaga and waves, (photo Feb 17th, 1934). 

I have observed another good example to show the relation of colony 
to waves. A square cement box of 1.2 metres stands at the seashore, 
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each face numbered from 1 to 8, and one side of the box faces the sea, 
namely to the west. On the 19th of October, 1933, the following distri¬ 
butions of Littonvaga were iound (Table III). 

Table III. 

Distribution of Littorivaga brevicula on a cement box. 


Direction 

Colony 

Defused inds 

Other 

of the face. 

No of 
colony 

No of 
inds 

Position 

Nos 

Position 

animals. 

Outer sides 
W 

I 

4 

about in the 
centre 

73 

lower half part 

Acme a 
dorsuosa 

1 

S 

10 

540 

lowei east 
pait 

90 

uniformly over 
the face 

0 


3 

22 

uppei edge 




E 

11 

1720 

lower one 
third part 

35 

about near the 
margin 

0 

N 

22 

1710 

lower one 
third part 

27 

uniformly over 
the face 

0 

Inner sides 
E 

2 

30 

upper edge 

17 

uniformly 

0 

NE 

1 

50 

uppei cornel 

_, 

1 

upper part 

0 

N 

0 

0 

— 

15 

uniformly 

0 

NW 

1 

40 

lower corner 

0 

— 

0 

w 

0 

0 

— 

21 

uniformly 

0 

sw 

2 

200 

lower cornei 

0 

— 

0 

s 

* 0 

0 

— 

IS 

uppei east part 

0 

SE 

“ ; 

1 i 

23 

upper corner 

1 3 

lower corner 

0 


W~west, S— south, E=east and N = north, etc 


In Table III, it is seen that the maximum number of snails are found 
on the outer face, which is directed east namely, land-ward. One of the 
outer faces, which is directed north, has an irregular surface and many 
individuals were found in these hollowed places. 

ii) Relation of the habitat to wetness. A stone fence of 64 metres in 
length and about 6 metres in height stands along the shore line in front 
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of the Aquarium, and from it four earth pipes for drainage open at this 
fence, they are 15 to 17 metres apart. The height of the opening oE 
the pipe is 1.5 metres from the level of high-water marks. From these 
pipes water is drained to the sea from the end of April to the end of 
November. I have measured the salinity of water from the pipe on the 
14th of October and it was found that pipe No. 1 contained freshwater 
only, pipe No. 2 seawater only, pipe No. 3, 96 % of seawater mixed wiLh 
\o/o of freshwater and pipe No. 4 91^ of seawater mixed with of 
freshwater. 

At the lower side of the openings where the fence was wet, many 
Littorivaga are inhabited through the summer season, though the level 
of the pipes is about 2.2 or 2.3 metres higher than the ordinary level 
of colony. The observations made on the 20th of October, showed the 
following modes of distribution of Littorivaga. 

No 1 (freshwater only). Green algae covers the wet pail by watei chip, but Litton - 
vaga is found neither on the green part nor at the mouth of the pipe, though 
several mdmduals are found on the boundary line of wet and diy pait, the 
height of which is less than 60 cm. fiom the level of high-watei marks 

No 2 (seawater only)* Many Littonvaga were found in eveiy place wet by the water, 
and 20 colonies were also found 2 colonies composed of 20 individuals in one 
and 30 in the other were found within the pipe along the edge 

No 3 (seawater 96^): About 23 colonies and many individuals were found scattered 
on the wet place 3 colonies with about 20 individuals in each were found 
within the pipe along the margin. 

No 4 (seawater 91?£): About 16 colonies and many individuals weie found seattcied 
on the wet place. One colony with 7 individuals was also found within the 
pipe. 

The above facts show clearly that the habitat Littorivaga is not limited 
to the littoral zone but may form at as high a place as about 2 metres 
than the ordinary colony level, if the rock is wet by seawater. 

No other species of gastropod were found with Littorivaga brevicula 
with an exception of Ligia (. Ligyda ) exotica (Roux) which was occassionary 
found on the inner side of the pipe. But on the drier place of the bank 
on the level of the pipe, a small gastropod, Littorivaga millegrana (Phi- 
lippi), is found. This gastropod seems to live, forming colonies only on 
a place higher than high-water marks throughout the year, the largest 
colony, so far noticed contained about 66 individuals mainly in the hollowed 
places as is shown in Fig. 4. 

On the 9th of April, 1933, 4590 individuals were counted on the fence 
within 10 metres in breadth and about 2 metres above the water level. 
The vertical distribution of them was as follows: 
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-0 4 -0.2 0 0 2 0 4 Of) 0 8 1.0 1.2 1.4 16 X.Smetres 


0 

? 

394 

586 

016 

740 

613 

683 

627 

331 

0 


Where, 0 shows the level of high-water marks or the upper limit of 
Chthamalus challenger! Hoek association, and — sign indicates below the 
high-water marks. 



Fig 4 Colony of Littonvaga millegrana formed on a stone bank 
{photo March 19Lh, 1934) 


It seems very interesting, so far as my observations during one year 
period go, that the position of the colony of this gastropod did not show 
noticeable change throughout the year, and thus differs from the colonies 
of Acmaea dorsuosa Gould or Littonvaga brevicula (Phillippi). And I 
have never seen Littorivaga millegrana creeping in the field. 

lii) Change of colony . The positions of the colonies did not show 
remarkable change m the days of autumn, though heavy waves splashed 
the rock or the pebbly-shore. 

From the night of the 6th of November till the noon of the 
next day, a hurricane of 23 metres per second blew and the pebbly- 
shore was very much disturbed by heavy crushing waves. On the 
9th, it was found that the colonies of Littorivaga were very much 
disturbed as stated below. 

No 1* Colony was not found at all, and only two individuals were found on a little 
rock on the shore of about 14 metres breadth 
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No 2: No colonv and no individual were found 

No 3 No colony and no individual were found on the pebbly shore, but one colony 

with smaller si/ed individuals was found in a hollowed place of a lock. 

No 4 No colony was found, but several large individuals were found on the rock 
which stands in the water lower than the low-tide marks 
No 5 No colonies and no individuals were found 

The positions from No. 1 to No. 5 are indicated in Fig. 1. Colonies 

formed m or around the earth pipe of draining water showed the 

following changes. 

No. 1 Water was stopped, and no individuals were found 

No 2 Water was still running but much reduced m its volume. Only 3 colonies 

with about 40 individuals in all weie found m the mouth of the pipe and no 

individuals were found scattered 

No. 3 Water was not lunning One colony with 7 individuals alone was found 

No 4. Water w T as not running No individuals were found. 

Continued observation during the next 10 days after the huiricane 
showed that neither colony was there formed nor any individuals came 
out On the 9th of December, I have found large individuals on the 
shore though no colony was found on the pebbly-shore. On the later 
days, the number of Littonvaga gradually increased and a colony was 
found also. 

The positions of newly formed colonies on the 16th of January, 1934 
and on the 20th of February are shown in Table IV. 

Table IV. 

Positions of colonies of Littonvaga brevicula m winter, measured 
from high-water mark line 


Date j 

No of locality 

Land i 
ward 
limit 
of the 
snails. 

; 

Land 
ward 
limit of 
colony of 
smaller 
snahs. 

Level 
along the 
maximum 
number 
of colony 
of smallei 
snails 

Sea ward 
limit of 
the 

smaller 

snails 

' 

Land 
ward 
limit of 
colony ofj 
laiger 
snails 

l 

Level 
along the 
maximum 
number 
of colony 
of largei 
snails. 

Sea waid 
limit of 
colony of 
laiger 
snails. 

1 

Sea waid 
limit of 
the 
snails 

Jan. 

1 

3, 3 m. 

4.3m 

4.8 m. 

5.4 m. 

5.S m 

7.0 m. 

8.0 m. 

8.0 m. 

16th 1 

2 

4.0 

i . ... 

4.0 

4.6 

5 8 

5.9 

7.4 

7.8 

7 8 

Feb. 

1 

1.0 

1 

2.8 


4.1 

4.2 

4.9 

5.7 

7.1 

20th. 

1 o 

1 ^ 

| o 2 


3.0 

4.8 

5 1 

5 8 

7.3 

7.3 


In Table IV, we can see that Littorina retreated to a level lower 
than that of October, and the maximum level of the colonies of larger 
individuals retreated about 2 or 3 metres lower than former times. There 
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were found many individuals on sea weeds, Sargassum Thunhergii (Kuntze) 
Okam., Colpomenie sinuosa Derb. et Sol., Scytosiphon lomentarius (Lyngb.) 
J. Ag., Chorda Filum (L.), Lamour., and Heterochordaria abietma (Rupr.) 
S. et GA And some Littorivaga were feeding on those. 

Those colonies formed in the mouth of the earth pipe, were no more 
to be found, and not even one individual. 

II. EXPERIMENTS ON COLONY FORMATION 

Littorivaga brevicula (Phillippi) forms a colony in the room as in the 
natural habitat. So I have studied on the colony formation in the room 
wishing to find out some factors related to the colony formation and to 
compare it with the colony formation of Acmaea dorsuosa under similar 
conditions. 

a) Method of experiment. 

A middle sized cylindrical glass vessel, diametre 30 cm. and height 
25 cm., was filled with sea-water up to 15 cm. The water is constantly 
running. The wall of the mouth was eight sected, and numbered from 
1 to 8. The glass vessel is placed m the room, where diffused sun light 
enters freely from the south window, while the light from north, east 
and west were shut by a black curtain. The section No. 1 of the vessel 
is directed east-ward, No. 3 to the north, No. 5 to the west and No. 7 
to the south. 

On the experiment, individuals were placed on the centre part of the 
bottom of the vessel and on the next morning, the positions of the 
gastropods were marked by water colour from outside of the glass vessel. 
These marks were printed on a plotting-paper and subsequently their 
positions were carefully determined. All the materials employed were 
either collected from one colony or from the nearest colonies. The observa¬ 
tions were continued from the 6th of November to the end of March. 

b) Results of the experiments. 

i) The materials changed every day . Littorivaga were collected from 
the rocky shore near the Station, and new materials were used every 
day. The results are shown in Table V. 


GOn the identification of these sea-weeds, I am greatly indebted to Mr Kogoro Abe. 
Here I wish to express my sincere thanks to him. 
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Table V. 

Colony formation of Littorivaga brevicula on the individuals 
changed every day. 


OCUWlll 


Date 

1 

1-2 

o 

2-3 

3 

3-4 

4 

1-5 

5 

5-6 

6 

6-7 

7 

7-8 

Nov. 















6 



4 


(8) 

65 









7 

(4) 



5(2,' 

30 




(2) 


fit) 




8 











(8) 




9 

8)5 





7 


2,3 


o 

(11) 




10 




S 

39 

o 




(10) 





11 















12 





3S 






(5) 




13 

(3) 



o 





(6) 






14 

(4) 




10(9) 






- 

448) 

-5 


15 

(3) 









— 

- 


(70)- 

— 

16 





4(11) 







(14) 



17 I 



; 5 


(10)1 






6 


o 

<L» 


18 | 



1 6 

i 

(2' 7 

, 





(3) 




19 




7 

(12)21 

2 ! 









20 

(3)| 




7,21) 

; 





(6) 



(2) 

21 

1 

i 




13(15) 

' 

, 




4(5) 


ri9) 


22 

i 

| 



l 4 

(21) 

8 


2 



6 


(14) 


23 

I <A) 


j 


(16) 









6 121) 

24 

! (7) 


i 

V9) 






(2) 



2(21 ) 

o 

25 

: 7 

1 


|u 

j (2) 









(2X28) 

Wall 

12 

0 

j 15 

! 

1- 

! 169 

84 

0 

7 

0 

2 

16 

0 

10 

8 

>tal — 
Base 

[(38) 

0 

! 0 

j(ll)| (127) 

0 

0 

0 

(8) 

(12) 

(49) 

(62) 

(124) 

(53) 


Numbers m ( ) stand for the colony formed on the base of the vessel and the 
other numbers indicate those on the wall 

In Table V, it becomes clear that the positions where the colonies 
are formed are mainly near section No. 3, but the colonies on the bottom 
were found at section Nos. 3, 6 and 7. 

ii) The same materials used continuously without renewing. In the 
former experiment, Littorivaga formed a colony in the darkest place in 
the vessel. But I wished to know whether or not the positions of colony 
changes. To test this point, about 150 individuals were placed on the 
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bottom and observation was continued during about 2 months beginning 
at the 10th of November. The results are shown in Table VI. 


Table VI. 

Colony formation of Littorivaga hrevicula on the individuals 
observed continuously. 



Numbers m ( ) mean that the colony formed on the base of the vessel, and 
the other numbers mean the ones on the wall 


In Table VI, it is shown that the colony with the largest number 
was formed in the darkest place on the 17th of December, but on the 
next day, most of the individuals assembled at the section No. 6 or No. 
7, the brightest place in the vessel. In the following 70 days, the position 
of the colony showed no further remarkable change, excepting the number 
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of individuals in the colony showed slight daily fluctuation. 

iii) Relation of colony to the water surface . Some individuals within 
a colony stayed in the water, some on the line of water surface and still 
some others above water level. If the level below 0.5 cm. and 0.5 under 
the water surface is taken as 0 level and the next one centimetre above 


Table VII. 

Relation of colony of Littorivaga brevicula to the water surface. 




l 


Level 





Date 

Vessel i 

Section — 

- — - 

1 




— 

— 


— 


j 

i —6 -5 

-41 —3 j -2 

-1 

0 1 

i 

4-1 
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I 

i 
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i j, 


10 

A ! 

3 . i 

i 1 3 

9 

1 ! ! 

7 

8 

1 

i 
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4 1 

i 1 

1 1 


5 

2 

1 




14 
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3 

1 " -1 

2 





i 



b ; 

1 -S 

'24 

6 

7 

4 





16 

A 

o 

1 ! 

1 

* 

! 
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B 

1 

1 i 

i i 


4 

e> 

2 


| 3 



B 1 

o 

r> 

1 ! 


1 

O 

2 




17 

; a 1 

2 

| ! 

1 

4 







A ! 

7 

] | 

1 

1 

1 



i 



j B j 

3 i 

, i 

2 

3 

3 

3 




IS 

A ' 

2 

j 

1 

5 




! 



1 A 

3 

i i 

1 

5 




:i ' 1 



j B 1 

3 

i 1 i 

i , 

4 

6 

| 3 

2 

| 

i 


19 
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3 1 

i i x: i 

*T 

5 

1 5 

1 


i 



R 

i 

1 1 3 i 3 

7 

11 

! 5 

1 




20 

i a 

| 3 

1 

2 

4 

• 




! 


1 B 

*•» 

1 1 1 3 4 

6 

7 

i 1 



j 

j 

21 

A 

3 

i 1 ! 

1 

6 

1 o 

f> 

! .> 

i *' 
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! 


! A 

4 

1 ■ * 4 



1 

1 

1 



! 

22 

1 A 

2-3 

1 i i 
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1 

: 

i 

o 

1 
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i 

, 

I 

1 

5 

2 1 

i 


A 

6 

i j 

! 

1 

i 

1 i 

2 

2 

1 j 


A 

! 1-8 1 

! i 1 

■ i 


1 3 

i 

1 

i 


i 

23 

, A 

i 7-8 

i ! 

! i 

o 

JJ 

’ 4 

, 

i 

i 




25 

j A 

i 2 “ ;J 

, ; « i 

o 

O 

| 3 

i 

: 3 

i 

i 



i 

Total numbers 

0 0 

j 4 12 | 22 

56 

101 j 44 

25 

7 


3 

1 0 


In the column, A and B stand for two kinds of vesels but of about the same 


size. 
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as +1 level and one centimetre under as -1 level, etc, the distribution 
of those individuals in each level is shown in Table VII, and also in 
Fig. 5. 



Fig 5 Colonies formed in the glass ves el (photo* Feb 11th, 1934). 


In Table VIII, similar observations on the colony of Acmaea dorsuosa 
as that of Littorivaga are shown. In the case of Acmaea, the distance 
of each level was 2 centimetres owing to the greater shell length. (One 
centimetre in Littorivaga and 2 centimetre in Acmaea are about the mean 
shell length). 

Both in Littorivaga and in Acmaea , those individuals which occupy 
the 0 level are more numerous than any other levels. And the ratios of 
number of individuals in the water to the air are about 1: 0.93 in Littori¬ 
vaga and 1-1.50 in Acmaea respectively. So it may be said that Acmaea 
dorsuosa shows the stronger tendency to assemble in the air than in the 
water, while Littorivaga shows about the same intensity to assemble both 
in water and in the air. These tendencies just found are well seen in 
their distribution in the field, but in the case of Acmaea dorsuosa, the 
nature of formation of colony in the room is somewhat different than in 
the field, in forming at a level always above high water marks. 

iv) Change of nature of colony formation in the room. As was men¬ 
tioned already, the number of individuals within the colonies changed 
daily as was shown in Table VI. For instance the colonies formed on 
the glass wall, contained 134 individuals on Dec. 17th, but day by day 
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Table VIII. 

Relation of colony of Acmaea dorsuosa to the water surface. 
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0 




20 

7 




0 

3 

3 

1 



21 

5 





4 

1 




,, 

7 




1 

o 

2 

1 



22 

7 





4 

o 

1 



23 

5 





<■> 

2 




24 

5 





O 

o 

o 

1 



25 

5 





o 

o 

o 




26 

7 




O 

t> 
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1 

2 
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o 
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o 
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28 
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0 

2 

2 




30 

i 5 





t> 

4 

1 



Nov 1 

5 i 




4 

t> 

3 



12 

5 





o 

«> 

4 

0 



18 

5 





2 

4 

3 



Total numbers 

0 

2 

33 

27 

70 

53 

1 11 

0 

0 


the number decreased and on Dec. 25, only 6 individuals were found 
though they showed no further decrease till the beginning of January, 
1934. The number however began again to increase till it reached to 
29 on Jan. 19, but then decreased again to 3 on Jan. 23. After Jan. 
23 it showed a slight but steady increase; that is 22 on Jan. 25, 30 on 
Jan. 30, 41 on Feb. 1 and 45 on Feb. 7. 

It was further noted that the numbers show fluctuations not merely 
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by clay but even in every hour so far as it was observed from 9 o’clock 
in the morning to 6 o’clock in the evening. As for instance on the 7th 
of February, it was found in one colony 38 at 9:0 am.; 38, 10:0 am.; 
39, 11:0 am.; 37, 12: 0 am.; 39, 1: 0 pm.; 38, 2 : 0 pm.; 36, 3 : 0 pm,; 
38, 1-: 0 pm.; 40, 5: 0 pm. ,* 40, 6:0 pm. 

v) Colony formation at the end of March. The colony formation of 
Littonvaga brevicula was again observed at the end of March using the 
same method as the previous experiment and also using new materials 
every day. The results are shown in Table IX. 

Table IX. 

Colony formation of Littorivaga brevicula ai the end of March. 


Sections 


Date 
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____ 
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5 

! 


i g 

1 

:t , (3j ! 96,(31) 

( 2 ) 

15 
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Total 

Base 

5 

3 


1 5 

4 

4 

27 15 { 0 

1 85 i 125i262 | 10 

0 

6 S 

0 

S (XX) 

0 

o 

0 

0 

0 

1 0 0 j 0 

j 0 (3) : 0 I (.83) 

% 14' 

i 2 ) 

' i26> 


Numbers in ( ) indicate the colony foimed on the base of the vessel and the 
other numbers indicate those on the wall. 


In Table IX, we see that the positions where the colonies are formed 
are mainly on the brighter side of the vessel, quite opposite to the results 
previously observed in November. 

III. GENERAL CONSIDERATION 

Majority of investigators who studied on the behavior of periwinkles, 
Littorina , gave special attention to the rhythmical movement of the snails 
In relation to tide and only few on the colony of the snails. 

1 . Haseman (1907) who studied on the habitat of Littorina rudis 
and L . palliata stated that u The variation in the temperature along the 
coast did not appear to affect the distribution of Littorina . Snails were 
subjected to much greater changes of temperature than occur along the 
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coast and no observable effects were detected. 5 ' 

But as for Littorwaga brevicula , the seasonal variation in the habitat 
is evident; in autumn, both larger and smaller individuals aie found one 
foot lower than low-water marks as Haseman already stated, though the 
majority of them are found on the level of mean-water level. But in the 
beginning of winter and when snow begins to fall, the snails begin to 
move towards a much lower level and many individuals formerly found 
on the rock near high-water marks gradually disappear and ultimately 
none are to be seen. It is interesting to note that the habitat of larger 
and smaller individuals are clearly separated and smaller individuals occupy 
the level somewhat higher than that occupied by the larger. Furthermore 
both m Littorivaga brevicula and in Acmaea dorsuosa (N. Abe, 1933) the 
smaller individuals show a less degree of seasonal variation than that 
exhibited by the larger ones. In early spring, the snails begin to move 
towards the upper level and some of them are found on the rock on the 
level of high-water marks. 

2. Mitsukuri (1901) stated that, “ Littorina extgua are in nature 
scattered over rocks, because there are uneveness in rocks which provide 
them with holes and crevices to settle down in. 5 ’ I have also noted in 
the shore near the Station, that the snails are found m scattered state 
settling down in the hollowed clay-slate made by a boring shell. At the 
same time I found many colonies which are formed on one part of the 
rock surface which is very uneven. 

On the pebbly-shore, the positions where colonies are formed are 
about near the top of the stone. If the opinion of Haseman that the 
movement of Littorina is very much related to the surface film of water 
was accepted, we may interpret our case just stated that the colony on 
the top of the stone was formed pursued by water film at increasing tide, 
but difficulty arose since the colony remains on the stone though the water 
film retreats at decreasing tide. I have already stated that in the room 
the colony is also formed though the surface film of water was kept at 
a constant height. It seems therefore that the colony is not formed in 
the field by merely the movement of surface film of water, though it 
plays a very important role on the movement of snails as Mitsukuri 
and Haseman have already found, and as I have also noted with Acmaea 
dorsuosa and with Batillaria mutiformis (N. Abe 1933, ? 34). 

3. Both Mitsukuri, and Haseman have already noted the importance 
of wetness concerning the movement of the snail, and I have also found 
that the colony is formed even on the level of 1.5 metres higher than 
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the normal level when the passage was wet by sea-water. 

L As it was already stated the snail forms the colony on the position 
which is directed landward. According to Mitsukuri, “ Littonna exigua 
shows a strong negative phototaxis under ordinary circumstances.. . This 
property enables the mollusc to creep up from the sea towards the higher 
level which corresponds in most cases with land, but in cases of detached 
rocks may be away from the general mass of land.” It follows then that 
the colony formed on the landward is by the result of negative phototropism 
It seems to me more natural to consider that many individuals assembled 
on the side of landward for the sake of avoiding the direct splashing wave. 

5. The colony formation by the same individuals observed continuously 
in the room showed negative phototropic nature m November and m early 
December, which in turn changed to positive on about the 19th of December. 
At first I thought that this change of phototropic nature may have occurred 
according either to the change of oxygen content of the water or by other 
external factors. But the formation of the colony on the brighter side 
at the end of March seems to indicate that the change of phototropic 
nature can not be a forced result of abnormal environment in the room. 

The change of phototropic nature has already been noticed by many 
investigators. Mitsukuri (1901) finds that when desiccated, Littorina 
became positively phototactic, and when wet, turned negatively photo tactic. 
G. Bohn (1904) considers that phototropic nature of Littorina is changed 
in relation to fortnightly (spring and neap) rhythm in tide (Referred from 
M. W. Morse, ? 09-T0). Morse (1909-TO) who studied on Littorina 
htorea , Littorina rudis , and Ilyanassa obsoleta says that, ” During the 
days of June, they were, as a rule, negatively phototactic, and as night 
approached, they became positively phototactic. However, after July 18, 
the preponderance of positive phototaxis during the day was very noticeable. 
This period of transition corresponded to the time of change from spring 
to neap tide, during which the specimens out on the rock were exhibiting 
a corresponding change in phototaxis, for the water did not reach them.” 

But in my case, Littorivaga did not show such a daily change in 
phototropic nature in the vessel but seasonal change was found. I think 
more an exact experiment in the field is necessary to test this before any 
definite statement can be made on this point. 

SUMMARY 

1. Littorivaga brevicula (Phillippi) inhabits the littoral zone, but 
shows seasonal variation in its habitat. The habitat of smaller individuals 



296 


N. ABE 


is found at a somewhat higher level than that occupied by large* indivi¬ 
duals in winter. 

2. Stormy waves give very destructive influence to the habitat of 
Littorivaga brevicula though not so much to that of Littorivaga millegrana 
(Phillippi). 

3. Colony of Littonvaga brevicula is formed mainly near the top of 
a pebble or in the hollowed place of a rock. Most of the colonies are 
formed on the side directed landward, suggesting that the snails avoid 
the direct splashing waves. No definite relation to the direction of sun¬ 
light was found. 

4. When the rock is wet by sea-water, the colony may he formed at 
as high a level as 1.5 metres from the normal position. 

5. Littonvaga millegrana forms a colony always above the high-water 
marks, and seasonal variation in its habitat was not observed. 

6. Littorivaga brevicula forms a colony also in the laboratory. In 
November and m early December, a colony is found on the darker side 
of the vessel, but at the end of March, on the brighter side of the vessel 

7. Relation of the colony of Littorivaga brevicula to the water surface 
shows a slight daily change but most of the individuals within the colony 
are found on the level of the water surface and the ratio between the 
individuals found in the air and in the water is about 1: 0.95 in autumn 
and in winter. 

8. Relation of a colony of Littorivaga brevicula to the water surface 
is more changeable when compared with Acmaea dorsuosa, the individuals 
which are found on the level of the water surface while the ratio between 
the individuals found in the water and in the air is about 1.0 : 1 5. 
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NOTES ON THE BEHAVIOR OF NERITA JAPONICA DUNKER 


By 
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(With eleven figures) 

(Received October 1, 1934) 

Nerita japonica Bunker is commonly found in the neighbourhood of 
the Institute attached to rocks especially at the high water mark. The 
shell of Nerita japonica is oval in shape with irregular marking on its 
surface and has a hard operculum. The purpose of the present study is 
to analyse the ecological characteristics of this animal. 

The observations and the experiments have been done at the Mitsui 
Institute of Marine Biology. Here I wish to express my heartfelt thanks 
to Prof. S. Hatai and Dr. N. Abe for their valuable criticism. 

GENERAL OBSERVATIONS 
Habitat 

Nerita japonica Bunker is found, mostly in groups, m crevices or in 
holes in the rock On the vertical or horizontal rock-surfaces where the 
sun directly shines all day, these animals are found m small numbers and 
never seen to form groups. Nerita japonica does not occur m dry places 
above high-water neaps which are exposed to direct sunlight during the 
whole or a long portion of 
the day. In holes, where 
small tide pools are formed, 
the animals are grouped on 
the wet or shaded sides of 
the rocks, but a few animals 
were in the water (Fig. 1). 

Around or m the groups 
of Nerita japonica are found 
Littorwaga brevicula (Philip- 

and Batillaria multiformis 
(Lischke). When the sea 
was high, Monodonta labio 


pi), L . millegrana (Philippi), 



Fig 1. A group of Nerita japonica Reduced 
to 1/6 natural size Photographed on July 12,1933. 
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(Linne) and M. neritoides (Philippi) are often found in their groups. n 

Habits 

Nenta japomca Dunker moves actively while the rocks are wet, hut 
when the sun shines directly upon them and the rocks become diy, they 
conceal themselves in the shady places and do not move until the rocks 
become wet again. As their habitat are at the high-water mark, they 
are washed with the waves. Therefore when the sea becomes high, they 
move actively, but when it becomes low, they do not At high-water in 
a damp situation or m situations not exposed to direct sunlight some 
individuals can usually be found creeping and feeding, but m dry situations 
at high-water which are exposed to sunlight the animals are rarely seen 
on the move except in damp or wet weather. But if the wind blows 
strong and the waves splash along the shore, or when it is rainy, they 

creep along the wet places 
apart from the crevice or 
the hole of rock even though 
the sea is low (Fig. 2). 
Often I observed that some 
animals moved landward 
when the rock was wet, and 
stopped in some holes. Such 
animals may stay lor several 
days in the same spot if the 
weather continues to be fine. 
Almost all Nenta japo - 

F'g 2 ‘ A “ rou P of Nenta taponua, showing m ' ca ar<? [ oum ] on t ] K . roc | <s 
the creeping on the wet rock after a ram Reduced . r 

to ca. 1/6 natural size Photographed on July 16, and Vei ^ feW or VC1 ’Y ™' e, y 

1933. on the sand, though they 

are able to creep very slowly 
on the wet sand. The animals found on the sand might have crept down 
from the rock either by the waves or by any accidents. 

The velocity of locomotion of Nenta japonica is about 7 centimeter 
per minute on the rock-surface but on the sand it is about 2-3 centimeter 
per minute. 

On the type of the movement of Nerita, Parker (’ll) already observed. 

UQn the identification of the species name of the shells above quoted, I am much in* 
debted to Dr, T. Kuroda in the Geological Institute, Kyoto Imperial University, to whom 
I wish to express my sincere thanks. 
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He mentions in Nerita tessellata , “ the wave begins anteriorly as a single 
wave whereupon it breaks and passes down right and left sides of the 
foot to unite as one wave again at the posterior margin.” In this species, 
Nerita japonica , the mode of the locomotion was quite identical with N. 
tessellata. This mode of locomotion belongs to the so-called “ Ditaxic ” 
of u Retrograde type ”. 

Nerita japonica crawls in a forward direction or somewhat side-way, 
but never moves backward, as Parker mentioned (’ll), even when disturbed 
by sticking with a needle. When it is suddenly disturbed by needle- 
sticking or by any chemical agents, it turns and changes its direction 
immediately or shuts its operculum and ceases locomotion When this 
animal was placed up-side-down on the flat bottom, the animal could easily 
turn itself right side up, even though the bottom consisted of sand or a 
glass plate. 

10 individuals from one group were numbered on the shell with enamel 
and placed at definite places where they may be washed with only high- 
water of the spring tide, and their new places were marked after every 
24 hours as shown in Figures 3 and 4 (Table I and II). 

The following facts may be seen in Figures 3, 4; Tables I and II; 

1) Nerita japonica moves about 2 meters a day. 

2) The animal creeps along the slit of the rock and stops about the 
high-water mark of the neaps. 


Table I. 

Locomotion of Nerita japonica in nature. 


, „ i Atmos. 

TemP C Water 

25 0 

21.8 

27.8 

23.3 

24.0 

22.5 

Date 

16/VI 

17/VI 

18/VI 

Shell No 

Moved dist 
for 24 hours 
Distance from 
the start point 

Moved 
distance for 
24 hours 

Dist. of 
animals 
from the 
first start 

Moved 
distance for 
24 hours 

Dist. of 
animals 
from the 
first start 

1 

219 cm. 1 

32 cm. 

231 cm. 

0 cm. 

231 cm. 

2 

27 ; 

67 

75 

0 

75 

3 

| 209 | 

20 

195 

0 

195 

4 

159 

44 

175 

0 

175 

5 j 

! 162 

57 

190 

0 

.190 

e ; 

146 

63 

170 

0 

170 

7 

161 

49 

179 

0 

179 

8 

25 

150 

162 

90 

| 225 

9 

224 

292 

138 

90 

! 236 

10 

137 | 

54 

178 

152 

! 195 

i 
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Table II. 

Locomotion of Nerita japonica in nature. 


rAtmos. 
Temp C. 1 

Watei 

26.0 

22,4 

26.0 

22.5 

12 /VII 

24.2 

22.0 

13/VII 

Date 

11 /VII 

Shell No. 

Moved dist- 
i for 24 hours 
Distance from 
the start point 

Moved 
distance for 
24 hours 

! 

Uist of 
animals 
from the 
first start 

Moved 
distance for 
24 hours 

Dist. of 
animals 
from the 
first start 

1 

78 cm 

0 cm 

78 cm 

0 cm. 

78 cm. 

2 1 

214 

0 

214 

0 

214 

3 

! 96 

128 

202 

7 

195 

4 

125 

0 

125 

22 

147 

5 

! 180 

66 

246 ! 

0 

246 

6 

134 

o 

134 

0 

134 

7 

151 

0 

151 

7 

158 

8 

122 

157 

33 

94 

97 

9 

182 

12 

170 

0 

170 

10 

181 

34 

215 

0 

215 



Fig. 3. Diagrammatic tracing the locomotion in nature in Table I. 
Dotted lines indicate^the devices of rocks. S, start point; W, the direc- 
tion of sea water current. 


o 16/VI, 


-o 17/VI. 


- m 18/ vi 
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3) The animal moves the longest distance m the first day. This 
fact may mean that the animal seeks a suitable habitat, since it does 
move no more after reaching 

a suitable place. q. 

It has been known that V 


the limpet has a home and 
returns to the “ Scar ”, even 
after wandering some dis¬ 
tance in search of food. 
Orton (’29) says that Pa¬ 
tella vulgata has a home 
but that it is not the final 
dwelling. Abe (’31) agrees 
with Orton in Acmaea dor- 
suosa. I examined whether 
Neriia japomca has a home 
or not. With enamel I 
marked the shells of the 
animals of one group in 
one square meter (55 indivi¬ 
duals) and every day counted 
their number. Some animals 
stayed for more than 20 days 
at one spot but others crept 
away and never came back. 
The number of the marked 
animals decreased day by 
day and, on the other hand, 
the no-marked ones increas¬ 
ed. After half a month, I 
found half the total number 



Fig 4 Diagrammatic tracing the locomotion in 
nature m Table II Dotted lines indicate the crevices 
of rocks S, start point, W , the direction of sea 
water current 

• - o 11/VII, -o 12/VII, 

- m 13/VII. 


of the group to belong to the no-marked animals. The marked animals 
vacated the first place and were found mixed in other groups. Some 
of them crept away more than 10 meters after occupying the first place 
for 20 days. After a month from the beginning, almost all of the marked 
animals were not found at the first place and yet the number of animals 
of the group showed no decrease. So far as the period of my observation 
goes it appears that these animals have no difinite home. 
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Duration of Life. 

From the facts that Nenta japonica could move on the wot rocks, 
whether by the waves, or by the rain, and furthermore, that they could 
live on the rock which is exposed to the air 01 in the tide pool, as 
mentioned above, I attempted to determine how long these animals could 
live in water or could endure dryness. 

Experiment I. In the water. 

A. Distilled and Tap water. I prepared 4 glass bottles (350 cc.), 
into which 3 animals were put m each bottle. The bottle was filled 
with water and on it was placed a glass lid so as to refuse air space. 
The water was changed twice a day. When the animals were put in 
the water, they shut their operculum immediately and never moved. When 
the animals grew weak, some began to open their operculum. Occasionally 
I examined whether or not they still live by inserting a needle between 
the operculum and the shell. Some of them were returned to the running 
sea water to see if they would recover. When they did not show any 
reaction to the needle insertion and did not move again in normal sea 
water, I determined that they were dead. The results of these experiments 
are as follows: (Tables III and IV). 


Table III. 

Duration of life of Nerita japonica in distilled water 
(Experiment /, A.) 


_ rAtmos. 

Temp. C ! 

i Water 

26.0 

23.7 | 

24.3 J 

24.3 

25.6 j 

23.2 | 

23.5 * 

23.5 

Hours after 

I 

1 



immersion 
Shell “ 

length m mm. ' 

24 l 

1 

48 

i 

52 1 

56 

13.35 

4 “ I 

4 S 

_ j 


13.5 

4- 

4 

— ; 


13.65 

4- 

— 

j i 


13.85 

+ 

4 - 



34.55 

+ 

+ 

! + 

— 

14.65 

4- 

+ 

1 


14.8 

+ 

+ 

j + 


15.1 

4- 

4 - 

+ 

— 

15.3 

4 - 

4 - 

— 


15.4 

+ 

4- 

— 


15.5 

+ 

’> 4- 

— 


15.5 

4 - 

1 — 


1 


4- means that the animal still survive and — indicates the death. 
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Table IV. 

Duration of life of Nerita japonica in tap water 
(j Experiment I, A ) 


_ r Atmos 

29.0 

o 1 o 

| 29 4 

26.0 

26.5 

Temp C \ 

Water 

26.0 

25.5 

' 25.S 

24.5 

24.7 

^ Hours after 


- _ 

~ - 

. — — 

•-— - 

immersion 

Shell 

24 

48 

55 

72 

80 

length in mm 






13.4 

4 

4 

— 



13.7 

4 

4 

4 

— 


14.0 

4 

4 

4 

— 


14.2 

4 

4 

4 

— 


14 3 

4 

4 

— 



14.55 

4 

4 

4 

4 

— 

14.6 

4 

4 

4 

— 


15.3 

4 

4 

4 

— 


15 35 

4 

4 

| 4 

— 


15.4 

4 

4 

4 

— 


15 4 1 

4 

4 

— 



16 0 

4 

4 

4 

— 



+ means that the animal still survive and — indicates the death 

From the tables, we can see that Nerita japonica can live in distilled 
water for about 50 hours and in tap water for 3 days. The size of the 
animal has no correlation with the duration of life. 

B. Diluted sea water. The sea water was diluted with tap water 
and their duration of life was examined as in experiment A In this 
case also the water was changed twice a day. 

a 1/4 vol sea water+3/4 \ols tap water sea watei. 

b 1/2 vol. sea watoi + 1/2 vol. tap water .50^ sea water 

The results of these experiments are as follows (Table V). In the 
case of a, Nerita japonica can live for about 3.5 days and in the case 
of b for 4 days. In these cases also, the duration of life and the size 
of the animals has no correlation. 

C. Running sea water and Control. In a glass bottle of 1,300 cc., 
12 individuals (shell length 12.5-16.2 mm.) were placed and fed with 
running sea water. The animals move here and there in the bottle, but 
about 1.5 month later, their movements became weak and some of them 
fell to the bottom of the bottle up-side-down. I picked up such fallen 
animals and examined whether or not they live by inserting a needle as 
in the cases of experiments A and B. They could live in such running 
sea water for 2-3.5 months. Even the weakest ones could live for 57 days. 



304 


S. SUZUKI 


Table V. 

Duration of life of Nerita japonica in diluted sea water 
(.Experiment I, B .) 



„ (Atmos 

26.0 

23.7 

26.8 

27.1 

27.0 

28.3 

28.6 


Temp '-C \ 

Water 

23.6 

22.1 

22.7 

22.8 

22.8 

24.5 

24.7 


^ Houis after 

_ 

■ 







immersion 

Shell 

24 

48 

72 

76 

SO 

96 

103 


length m mm. 









13.4 

4 

4 

— 






13.45 

4 

4 

4 

4 

— 




13.7 

4 

4 

4 

— 




o 

•H 

13.7 

4- 

+ 

4 

4 

— 



ci 

> 

14.3 

4 

+ 

4 

4 

— 




14.8 

4 

4 

4 

4 

— 



a 

15.2 

4 

4 

4 

— 





15.25 

+ 

+ 

— 





<6 

iO 

15.3 

1 4 

4 

— 





Cl 

15.7 

! 4 

4 

4 

4 

— 




| 16.45 

4 

4 

4 

— 





17.9 

+ _ 

4 

4 

4 

— 




j 13.6 

! 4 

4 

4 

4 

4 

— 



i 13.9 

j 4 

4 

4 

4 

4 

— 


U 

1 14.4 

4 

4 

4 

4 

4 

— 

j 

| 

| 14.5 

! 4 

4 

4 

4 

4 

— 


1 

! 14.5 

1 4 

4 

4 

4 

4 

— 


sj 

| 14.8 

4 

1 4 

4 

4 

4 

4 

j 

a 

Si 

15.1 

4 

i "h 

4 

4 

4 

4 


'0 

1 15.5 

i 4 

1 4 

4 

4 

4 

4 


&S 

O 

1 15.7 

4 

I 4 

4 

4 

4 

4 

I 

iO 

; 16.05 

; 4 

! 4 

4 

4 

4 

4 

j _ 


I 16.5 

4 

4 

4 

4 

4 

— 



! 17.2 

4 

4 

1 4 

4 

4 

— 

! 


4 means that the animal still survive and — indicates the death. 


For the control, the same size glass bottles as in experiments A and 
B were used and the water was changed twice a day. The shell length 
of the materials were 11.8-15.8 mm. In normal sea water, the animals 
could live for about 1.5 months, excepting the one which survived for 
2.5 months. 

In these cases also the s.ze of the animals were independent to the 
duration of life of the materials. 

D. Concentrated sea water. When these animals are in the tide 
pool, the water evaporates gradually and the salinity of the water might 
rise somewhat. Therefore I tested how long they could live in such 
changed water. 

The salinity of the sea water was increased by the addition of NaCl, 
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0.5 °/o , 1%, 2%, and 4<% respectively, then put the materials similarly in 
experiments A and B. In 0.5^, 1 %, and 2% concentrated sea water 
the animals moved as in the normal sea water, but in the 4 °/o concentrated 
sea water they shut their operculum from the beginning and never moved. 
In either cases, when the animals grew weak, they open their operculum 
and fell on the bottom of the bottle upside-down. The following tables 
(VI and VII) show the results of these experiments. 

Table VI. 

Duration of life of Nerita japonica in concentrated sea water 
(Experiment I, D) 

Water tempeiature 21 0^243°C 



Days aftei 



! 






immersion 

Shell 

length in mm 

7 

9 

12 

f 

1 

15 

20 

28 

e ><r> 

L 

12 0 

+ 

4- 

4- 

! + 

4- 

_ 



12.0 

4 

+ 

i 4- 

4- 

4- 

— 


CJ 

<V 

en 

12 2 

4 

+ 

! + 

4- 

4- 

4 

— 

12.5 

4 

+ 

4- 

4- 




£ 

13.1 

4* 

+ 

+ 

4- 

4 

4 

— 

4~> 

$ 

13.5 

4- 

+ 

+ 

4- 

— 




14.1 

4 

4- 

+ 

4- 

— 



£ 

14.3 

4- 

+ 

4- 

! + 

4 

— 


g 

14.5 

4 

4 

+ 

i + 

— 



CJ 

14.6 

4 

4- 

1 + 

— 





14.7 

4 

4 

1 4 

_ 




to 

15.0 

4- ! 

!_ 

4 

4 

4 

— 

i 


_© 



| 





u 

o 

11.2 

4 

4 

_! +" 

i _ 




> 

11.65 

4 

4 

! 4 

! 4 

4 

— 



12.35 

+ j 

4 

1 4 

1 — 




o 

13.0 

; 4 - | 

4 

4 

| — ! 




TJ 1 

14 0 

+ 

+ 

! — 





£ 

14.0 

4* 1 

4 

; + 

4- ! 

— 




14.0 

+ | 

— 


1 

! 

1 



14.2 

| 


i 

1 | 




<1/ 

o 

14.3 

4 

4 

| + 

4- 1 

1 4 



o 

14.6 

4 

— 

! 

i 


— j 


Crf i 

14 9 

4 

4 


1 

i 





15.1 

1 4 

— 

j 

j 




ri 


! 


i 

i ! 





4 means that the animal still survive and — indicates the death. 


Experiment II. In the Air. 

A. I placed 15 individuals in a glass dish after the adhered water was 
wiped away and then placed in the room. The animals shut their oper¬ 
culum, not entirely but leaving a little opening. By inserting a needle 
through their slight opening, they shut their operculum hurriedly but after 
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Table VII. 

Duration of life of Nerda japonica in concentrated sea water 
(Experiment. I, D.) 




| Atmos. 

2S.5 

28 8 

28.3 

27.1 

27.6 

28 0 

28.7 

29.0 


Temp 

^ UVatei 

25 8 j 

24.7 

24.8 

24.2 

25.2 

25.4 

25.2 

25.2 



Homs after 

' 









Shell 

immersion 

24 

40 

48 

61 

72 

90 

111 

136 


length 

m mm 









£ 


12.65 

4- 

4 - 

4- 

4- 

4 - 

4 “ 

4 - 

— 

* 


13.2 

4- 

4* 

4 - 

+ 

4- 

4 - 

4- 

— 

& 


13.5 

-f 

+ 

4- 

4- 

4 - 

— 



ctf 

5> 


13.6 

4 - 

4 - 

4 - 

4 - 

4 - 

4* 

— 




13.7 

4- 

4- 

4- 

4- 

4- 

— 





13.85 

4 - 

4- 

4 - 

4 - 

4- 

— 



% 


13.9 

+ 

4- 

4- 

4- 

4- 

— 



c 

1 

14.3 

4- 

+ 

4- 

4 - 

4- 

4- 

— 


SJ 

-J 

i 

14.4 

4 - 

+ 

4 - 

+ 

+ 

4 

— 



i 

15.0 

4 - 

i + 

4 - 

4 

+ 

4 

— 

1 

y 

I 

15.1 

+ 

+ 

4- 

4 

+ 

— 



is 0 

ci 

j 

15.7 

+ 

! + 

+ 

4 * 

1 + 

— 



£ 

| 

12.3 

4- 

1 + 

i _ 


l 




% 

> 

, 

12.4 

4 - 

j + 

4- 

i — 


1 





12.6 

4* 

+ 

! — 




, 

i 

! 

12.8 

+ 

4- 

i _ 

j 





t 

13 2 

+ 

+ 

4 - 




i 

3 

1 

13.5 

4 - 

+ 

i + 

— 

i 


! 

cS 

l 

13.5 

+ 

4 - 

1 4- 

— 



1 

c 

I 

13.6 

+ 

| 4 - 

} 4 - 

— 




y 

1 

14.1 

1 + 

— 



1 

, 

j 

o 

i 

14.6 

1 + 

4- 

, — 

i 


1 

i 

o 

' 

15.1 

4 - 

4 - 

4 - 

— 


i 

i 


Vs. 

-r* 

! 

16.55 

4- 

4- 

— 

i 


j 

, 


+ means that the animal still survives and — indicates the death 


several hours they again opend their operculum a little. As the day 
passed, the animals shut their operculum tightly but did not cement the 
operculum by any mucus. They could live for about one month in such 
a condition as shown in Table VIII. 

B. 20 individuals were placed on a stone which was entirely dry and 
were exposed in a sunny place. After 4 hours, I returned the animals 
to the running sea water but all were dead. Then I gathered 150 animals 
(shell length 13-17 mm.) from the shore and repeated the same experiment. 
But in the present experiment, I picked up 20 animals at random after 
every 30 minutes and returned them to the sea water. After exposure 
for 30 minutes, all animals were alive but exposure for 2 hours kills 
nearly 60% of them. The result of this experiment is shown in Figure 5. 
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Table VIII. 

Duration of life of Nerita japonica in the air 
(Experiment II, A.) 

Temperature: 23.0^28 5^C. 


Days after 






Shell 

26 

28 

30 

32 

35 

length in mm 






12 3 

+ 

4- 




1 h2 

— 





13 4 

4- 

— 




13.5 

+ 

_ 




14 3 

+ 

— 



14.4 

+ 

+ 

+ 

__ 


14 6 

4- 

+ 




15.2 • 

— 





15.2 

+ 

+ 

j + 

4- 

— 

15.4 

+ 

+ 

+ 

— 


16.3 

— 





17 1 

— 






4- means that the animal still survive and — indicates the death 



Hours of exposuie. 

Fig 5 Duration of life of Nerita japonita on the sun-baked stone. 

From these results, we can see that Nerita japonica could not live on 
the dry stone where the sun shines directly. 

General Remarks in regard to Duration of Life . Despite of the fact that 
Nerita japonica under experimental conditions can live for a considerably 
longer time in tap water and diluted or concentrated sea water, though 
the individual variations are large, but in the field, these animals are 
found to be more common on the wet surface of rocks than in the water. 
It seems improbable that these animals ever remain in tap water in nature 
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beyond 3 days, the period within which the animals can survive, since 
before their habitats change to a water poo! by heavy rain, they would 
soon creep away and seek a more suitable place. Similarly the dilution 
of salinity of a tide pool by the rain or, concentration by sun shine, may 
be avoided by creeping away long before the water becomes unsuitable 
for their life. They are always found only m the tide pool where the 
salinity was higher than 3.0 and lower than 4.0. 1 measured the salinity 

of the tide pool of various weather where the animals were living and 
found that the value of the salinity of such pools was 3.8-S.3. Therefore 
these values of salinity might be most suitable for their life. 

The results of experiment II shows that Nerita japonica could live 
for more than one month in the air, and when directly exposed to the 
sun they could not live more than 3.5 hours on the dry rock. There¬ 
fore these animals avoid the dryness and direct sun shine concealing 
themselves in a crevice or hole in the rocks during dry-time. In nature, 
Nerita japonica are absent or rarely found on the sun-baked area above 
the high water neaps but are found either on the rocks sheltered from 
the sun during the greater part of the day or in places which are damp 
even on summer days. The intensity and duration of sun light appears 
to be the main factor in the limitation of their habitat. 

TROPISMS 

The examinations of tropism phenomena of the animals seem very 
important on the study of the animal behavior. 

I Geotropism. If Nerita japonica are placed in a water tank, they 
creep up on the shaded vertical plane. This may be an effect of the 
gravity and the light. In the dark room, when the animals are placed 
on a frosted glass plate which is in water or in the air and inclined in 
various angles they creep upward immediately, whether they were placed 
head side down or not. Indeed the glass plate was inclined at 15, 30, 
45, and 60 degrees respectively but in every case the animals crept 
straight forwardly and thus distinctly show the negative geotropism. 

In the lighted room, when the animals were placed on the glass plates 
which were inclined less than 45 degrees, some of them crawled sideways, 
some upwards, and still others downwards. When however the inclination 
angles of the plates were increased, the majority of them show the negative 
geotropism. 

II. Phototropism. When Nerita japonica are kept in a water tank, 
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Fig. 6. Tiaces of movements of Neiita japnmca m 
the daik room, small airow indicates the direction of 
the head 


l 


they move along the vertical wall of the tank, but during the night the 
animals creep very actively and come out from the tank. Every morning 
I saw that almost all the animals which were placed in the tank on the 
previous evening came out from the tank and assembled in the shaded 
corners of the floor. 

In the dark room, sometimes these animals creep straightly but some- 
times irregularly as are 
shown in Figure 6. 

Thus the direction of 
their locomotions are 
not fixed, some rotate 
leftwards and others 
turn to the right. 

In the lighted room, 

I found that all animals 
show negative photo- 
tropism, whether their 
heads faced the light 
direction or not. Figure 
7 shows the results of 
the effect of sun light. 

Then I examined 
their phototropism in 
the dark room by using 
an electric lamp. As 
the light source an 
electric lamp of 30 
watts or 60 watts was 
used and 3 experiments 
were carried on under 
the influence of a hori¬ 
zontal light at the dis* 
tance of 30, 50, and 
100 centimeters respec¬ 
tively from the light 
source. In each experi¬ 
ment 30 animals were 

used. The animals were placed on the starting point so as to face their 
heads toward the light. The animals open their operculum gradually^ 






Fig. 7. Showing the effect of light on the movements 
of Nerita japomca. L, direction of light; small arrow 
indicates the direction of the head. 
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Angle in degrees 

Fig. 10. Phototropism Effects of an electric lamp. 100 cm. from the light source. 
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must lie between 90° and 270°. The results of these expeiiments are 
shown in Figures 8, 9, and 10. Each figure shows a frequency curve 
which has its maximum at 180 3 and the value of its frequency lie between 
90° and 270° excepting only one individual in Figure 10 marked P. This 
means that these animals have negative phototropism. The experimental 
results in the case of 60 watts are more distinct than that of the case 
of 30 watts in every case and, moreover, the greater the distance of the 
startpoint from the light, the larger in the increase of fluctuation of the 
angles of their retreat. That is, the distinctness of the animals' reactions 
to the light decreases in accordance with the increases of the distance 
from the light source or with the decreases of the intensity of the light. 

Ill . Rheotaxis. Two methods used m this experiment, one is a glass 
tube (length 60 cm., diameter 2.5 cm.) and another is shown in Figure 11. 



Fig. 11 Showing the method of investigation of iheotdMs AL~ AU - 1 metei 
G, frosted glass plate, L & I/, electric lamp; M, material, inclination angle, 5 
degrees 


For the exception of the effect of light, I carried this experiment in the 
dark room. 

The glass tube was placed horizontally on the floor and from one end 
was flowed water with a constant pressure. The volume of running water 
is at the rate of about 400 cc. per minute, through a glass tubing of 5 mm. 
In the tube only one individual was placed. The animal crawled very 
slowly and reached the source of the current, whether faced initially to 
the water source or not. The animal facing opposite the water source, 
turned in the tube and crawled towards the source. 

In the second method, 5 animals were placed in a line with intervals 
of 3 cm. from one another and the positions were noted after 20 minutes. 
The volume of water is at the rate of about 170 cc. and 400 cc. per 
minute, through a glass tubing of 3 mm. and 5 mm. respectively (Table IX). 

Whether the animals were tested immediately after taken from the 
water or after exposed to the air for more than 2 hours before being 
used, the results were the same. 
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Tabus IX. 

Rheotaxis of Nerita japonica in the dark wain. 


Diameter . 

Angle 

j Number ol 
animals 

Number ol | 
1 animals 

Numbei of 

Numbei ol 
sidovvav 
movod 
animals 

of glass 

of 

indicating 

indicating 

no-moved 

tube in 

degrees 

positive 

1 negative 

animals 

mm 

! rheotaxis 

| iheotaxis 



0 

:n 

1 

n 

i 

3 i 

i 

i 

ISO 

28 

| 

14 

i 5 

5 1 

0 

! 37 

, 0 

1 

1 7 

ISO 

25 

5 

i 

, 2 

IS 

i 


Angles 0° and 180° mean that the animals faced to and opposite to the 
current direction respectively. 


From these experiments, I can conclude that the rheotaxis of Nerita 
japonica is positive. 

Then I examined which factor acts more strongly upon the animals, 
when two factors, light and water current, are acting together at the 
same time. In figure 11, L is an electric lamp of 30 watts for the light 
source. When the sources of water and light were of the same direction, 
the animals did not advance towards the water source, as shown in Table X. 

Table X. 

Rheotaxis of Nerita japonica, acting together the light and water 
current at the same time from the same direction. 


Diameter 1 
of glass 
tube in 

Angle 

in 

Minutes 

after 

1 Numbers ot 
i animals 
! indicating 

Numbers ot 
animals 
indicating 

Numbers of 
no-moved 

Numbers of 
side wav - 
moved 
animals 

degrees 

, positive 

negative 

animals 

mm. ! 



j rheotaxis 

rheotaxie 


| 


10 

! o 

10 

20 

0 


0 

20 

, 0 

14 

15 

l 



no 

1 

1 

19 

9 

i 

1 


10 

' 0 

25 

5 

0 


180 

20 

1 0 

26 

1 

1 0 



no 

. 0 

J.. 

! 28 

1 0 

1 

| 

i 0 


1 

10 

! 

0 

S 

19 



0 

20 

0 

11 

16 




no 

1 0 

12 

|* 15 




10 

0 

10 

18 

o 

1 

180 | 

20 

0 

! 15 

; 9 

6 

i 


30 

1 

15 

t 

1 8 

6 


Angle 0° or 180° means that the animals faced to or opposite to the current 
direction respectively. 
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Table XL 

Rheotaxis of Nerita japonica, acting together the light and water 
current at the same time from the opposite direction. 


Diameter 
of glass 
tube in 
mm 

1 

Angle 

of 

degrees 

Minutes 

aftei 

Numbers of 
animals 
indicating 
positive 
rheotaxis 

Numbers ot 
animals 
indicating 
negative 
iheotaxis 

Numbers of 
no-mo\ed 
animals 

Numbers of 
' side^ay- 
mo\ed 
animals 



10 

1 15 ! 

0 

I 3 

0 


0 

20 

17 

0 

2 

: 0 



no 

j 18 

0 

i o 

0 



10 

12 

0 

7 

! i ' 


ISO 

20 

! 15 

0 

4 

i 



20 

j 16 

0 

2 

i 


j 

10 

14 

0 

! 6 

o 


0 

20 

16 

0 

! 4 

0 



20 

f 18 

0 

i »■> 

0 

5 


10 

10 

0 

10 

; 0 


S iso 

20 

; 14 

0 

6 

0 


1 

, 20 

16 

0 

4 

0 


Angle CT oi 180" means that the animals faced to 01 opposite to the dnection 
of ciment respectively 


But on the contrary, when the directions of light and water current were 
the reverse (light source is L f in Fig. 11), all animals reached the source 
of the current (Table XI). These facts indicate that the phototropism is 
more important than the rheotaxis for the determination of its habitat. 


SUMMARY 

1. The habitat of Nerita japonica Dunker is on the cliffs which are 
sheltered from the sun during the greater part of the day. They live in 
crevices or in the holes of rocks at about high-water neaps. 

2. Nerita japonica is found on the rock but very rarely on the sand. 
They can also creep on the wet sand. 

3. The animals move actively on rocks not only wetted by the waves, 
but also by the rain. 

4. The animals can do forward locomotion but not backward locomo¬ 
tion. 

5. Nerita japonica moves about 2 meters for a day along the slit of 
the rock and stopped at about the high water mark of the neaps. 

6. The animals have no difinite home. 




314 


S. SUZUKI 


7. Nenta japonica can live for a considerably longer time in variously 
changed water but on the dry rock and under direct sunlight they can 
survive only 3.5 hours long. The dryness appears to be the main limiting 
factors to the determination of their habitat. 

8. Nenta japonica exhibits negative geotropism, negative phototropism 
and positive rheotaxis, but on the movement of the animals the light acts 
more strongly than the water current. 
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SOME NOTES ON MUSCUL1UM HETERODON (PILSBRY), 
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I. THE GENITAL SYSTEM AND THE GAMETOGENESIS 

Br 

Katsuhiro Okada 

Biological Institute, Tdhoku Imperial University , Sendai, Japan 
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(Received Octobei 10, 1934) 

As is widely known, the molluscan family Sphaerndae is represented 
by one of the three genera, Sphaerium , Musculium, and Pisidiam. Many 
European and American investigators have described the anatomy, embryo¬ 
logy, and life history of the several species of the genus Sphaerium. In 
Cyclas cornea (»Sphaerium corneum), Leydig (1855) first investigated the 
general anatomy, and then Ziegler (1885), Stauffacher (1894), and 
Meisenheimer (1901) were concerned with the embryonic development 
or organogeny. Recently Monk (1928) studied the general anatomy of 
Sphaerium notatum , and Woods (1931, ’32) described the history of the 
germ cells, and reported the so-called “ Keimbahn determinant ” in relation 
to Sphaerium striatinum. 

While all these papers are concerned with several species of Sphaerium , 
hitherto no reports have been published with regard to the Japanese 
species of Musculium . In the belief that some valuable informations may 
be deiived from the embryological study of the Japanese material, the 
present work was undertaken in April, 1933, at the suggestion of Prof. 
Dr. E. Nomura 

The writer is indebted to Prof. E. Nomura, under whose direction 
and guidance the study has been conducted throughout the progress of 
the work. My thanks are also due to Assist.-Prof. I. Motomura for his 
advice. 


MATERIAL AND METHOD 

The material used in the present study is Musculium heterodon (Pilsbry), 
which belongs to the subfamily Sphaeriinae of the family Sphaeriidae 
(Baker 1927). 

The species under discussion is one of small eulamellibranchs, the 
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specimens measuring 9.5 mm. m length and 5.8 mm. in height even in 
the largest hitherto obtained (Nomura 1926). 

The embryonic shell is retained distinctly at the peculiarly bulged 
umbo (Fig. 1). The outer surface <>t the shell is yellowish gray, lighter 
at the margins, and is accurately marked with a series of fine growth 
lines, some of which are prominent and responsible to so-called “ lines of 
annual growth. ” 



Fig. 1 Left side view of two specimens of Musculium 
heterodon, to show general contour, especially embryonic 
shell at umbo Photo x2. When the shell is dried up, 
the embryonic shell is easily observable 

The specimens were collected from a drainage-ditch in Sendai, on the 
15th day of every month. 

In order to avoid the muscular contraction, they were first put into 
hot water, which was heated gradually from 35°C. to 70°C., and then, 
after becoming insensitive, they were killed in a fixing solution. Zenker's 
solution containing 3 °/o of glacial acetic acid was satisfactory for the 
histological study, and Allen-Bouin’s for the cytological study. After the 
fixation, the shells were removed from the soft part of the specimens by 
a pair of fine forceps. Then, in order to decalcify the young mussels 
remaining within the gill, of alcohol containing 1 °/o of acetic acid 

was used for two or three days. Finally the completely decalcified material 
was preserved in 90 °/o of alcohol. 

In carrying out all the present investigations, the paraffin serial sections 
measuring 5-8 p were used for the cytological and histological observations, 
and those measuring 10-20 p for the anatomical reconstruction. 

Of several methods of staining tried, the combined stain of Heidenhain’s 
hematoxylin and orange G, or Mallory’s connective tissue stam, was 
satisfactory. 


GENITAL SYSTEM 

In the species under investigation, as in the other lamellibranchs, the 
visceral sac involves the organs of several systems. The genital system 
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Fig. 2 Schematic representation of inner organization of Muscuhum heteiodon , 
viewed from left side Reconstructed. Mantle, gills, and several walls on left side 
of body removed; section edges hatched with parallel lines aam anterior adductor 
muscle, arp anterior retractor pedis, Bo Bojanus’ organ, eg cerebral ganglion, elc 
cloacal chamber, ddv digestive diverticula, es exhalant siphon, f foot, h heart, int 
intestine, is inhalant siphon, Ip labial palpi, me mantle cavity, o ovary, otc otocyst, 
p pericardium, pam posterior adductor muscle, pg pedal ganglion, prp posterior re¬ 
tractor pedis, st stomach, t testis, vg visceral ganglion 



Fig. 3. Schematized hoiizontal section through gonads and anterior adductor 
muscle, to illustrate topographical relation between visceral organs. A anterior, P 


posterior, aam anterior adductor muscle. Bo Bojanus’s organ, eg cerebral ganglion, 
cs crystalline style, ddv digestive diverticula, ibe inner branchial chamber, ig inner 
gill, mt intestine, me mantle cavity, ms marsupial sac, o ovary, oes oesophagus/j obc 
outer branchial chamber, og outer gill, p pericardium, st stomach, t testis. 
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is found in the loose connective tissue of the visceral sac, and extends 
from the anterior portion of the pericardium posteriorly to Bojanus' organ 
(Figs. 2 and 3). 

The mature gonad is not found until the animal attains to a length 

of about 2.5 mm. The genital system of 
x the sexually mature animal consists of one 

\ irregularly lobcd testis with paired sperm 

I A mU ducts, a pair of tubular ovaries, and a 

V pair of hermaphroditic ducts (Fig. 1). 

p ) On the respective side of the body, 

V ML / ^ each hermaphroditic duct runs into the 

/ ^ external duct of Bojanus’ organ, and forms 

v | ) llfc there, together with the latter, the short 

\v urinogemtal duct, which opens into the 

\3\hr spd cloacal chamber through the unnogenital 

p—orifice. Histologically, the structure of the 
l JJ wall of the urinogenital duct and orifice 

Y\ // resembles that of the external end of the 

—i ~ exB renal organ more than that of the her ma¬ 
ngo U gd phroditic duct. 

, . Anteriorly to the urinogenital duct, the 

Fig. 4. Schematic representa- _ 

tion of genital system. Reconstruct- hermaphroditic duct pioceeds along the 

ed. exB external duct of Bojanus’ antero-ventral wall of the pericardium, 

organ, hd hermaphroditic duct, lit and divides into two branches, viz. inner 
lateral lobe of testis, mlt median , T . j , -j , ,1 i . 

. . ,, t , the oviduct, and outer the sperm duct, 

lobe of testis, o ovary, spa sperm 

duct, ugd urinogenital duct, ugo ^ ^he level of half the height of the 
urinogenital orifice. pericardium. In large specimens, the 

length of the hermaphroditic duct is about 
0.5 mm. with a diameter of 50/^. Its wall consists of 10 /^cuboidSl cells 
which form a non-ciliated, unicellular layer. At the upper termination of 
the hermaphroditic duct the ovary forms a tubular blind sac, the oviduct 
being thus so short that it may be stated that the hermaphroditic duct 
opens directly into the ovary. 

In the mature ovary (Fig. 5), the outermost layer is composed of 
connective tissue cells compactly arranged, and forms the basement mem¬ 
brane of the ovarian epithelium. The ovarian epithelium is a unicellular 


layer, adhering outside to the basement membrane and, inside, facing 
towards the ovarian cavity, which is the central space of the ovary. It 
is composed of tall columnar cells, and contains ova in several stages of 
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growth which are interposed between the epithelial cells, or intercalated 
between this layer and the outer basement membrane. 



Fig 5 Section of gonads, to show lelation between testis, speim duct, and 
ovary x700 bmg basement membiane of gonads, epo ovarian epithelium, lit lateral 
lobe of testis, o ovum, out o\anan cavity, sp spermatozoa, spd sperm duct, yo young 
ovum 

The sperm duct continues to the uppermost end of the hermaphroditic 
duct, from which the ovary branches out, and proceeds anteriorly to the 
testis, being closely attached to the outer surface of the ovary. The adult 
testis is divided into three lobes, a median and paired lateral, each of 
which is irregularly folded (Fig. 4). The median lobe is massive, and is 
the main portion of the testis, forming the most anterior portion of the 
genital system. This portion of the testis extends to the loose connective 
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tissue near the digestive diverticula, and is dislocated towards the left 
side of the body, the corresponding right side being occupied by the 
alimentary canal (Fig. 3). Each lateral lobe is smaller and more slender 
than the median lobe, and lies just posterior to the latter, a little in front 
of the level of the ovary. 

The mature testis is a thick walled sac with a central cavity irregularly 
formed, its outer surface being covered with the basement membrane 
(Fig. 6). 


owv 



mt 


Fig. 6. Section of mature testis, to show its general stiucture. Photo. X230. 
ibe inner branchial chamber, mt intestine, lec loosely scattered connective tissue 
cells, mlt median lobe of testis, owv outermost wall of visceral sac 

The sperm duct opens at first in the cavity of the lateral lobe of the 
testis and then extends anteriorly to that of the median lobe. Its wall 
is continuous with the basement membrane of the ovary and testis, and 
I was not able to find any epithelial structure attached to it. 

In my opinion, the whole genital system ought to be bi-laterally 
symmetrical in its constitution, but, as the result of the dislocation stated 
above, in the adult testis a single median lobe has been formed, this 
formation being probably due to a union of the paired groups of the 
primordial spermatogonia. 

The median lobe of the testis is well developed in smaller specimens, 
but in larger ones the period of sperm formation in the lobe has already 
passed, while the spermatogenesis is still active in the lateral lobes. Thus 
it seems to me that the maturation in the testis proceeds from the anterior 
end to the posterior. 
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Fig 7 Section of testis, to illustrate diffeient stages of spermatogenesis, x 1000. 

1 dspc first division of spermatocyte, 2 dspc second division of spermatocyte, 1 spc 
pnmary spermatocyte, 2 spc secondary spermatocyte, espt early stage of spermatid, 
nbm nucleus of basement membrane, spz spermatozoa, tc cavity of testis. 

In the wall of the testis, spermatogonia and spermatocytes are located 
peripherally, but numerous spermatids and spermatozoa are found always 
next to the cavity (Fig. 7), thus revealing that the maturation process in 
a given lobe of the testis progresses from the center towards the periphery, 
and, therefore, the stages of spermatogenesis are easily traceable. 


SPERMATOGENESIS 

In the mature testis the spermatozoa are found throughout the year, 
though their number is less m the winter season than in the others. In 
my material as prepared, the outline of the chromosomes was always so 
hazy and their number was so indeterminable, that it was not suitable 
for the study of cytological details. Yet the spermatogenetic stages could 
be distinguished, and it ma}^ be stated that during the metaphase or 
anaphase in the meiosis all the chromosomes are of about the same size 
and shape (Fig. 8). 

Woods (1931) states in his study of Sphaerium stnatmum that four 
of the chromosomes in the second spermatocyte are always in advance 
of the others as they pass towards the poles. Somewhat similar cases 
(Fig. 8 K) were also met with in my species. 
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Fig 8 Stages of spermatogenesis X1400 
A spermatogonium 
B primary spermatocyte 

C metaphase of first division of spermatocyte 
D secondary spermatocyte 

F, F, G and H pro phase of second division of spermatocyte. 

/ and J metaphase of second dmsion of speimatocvte. 

K anaphase of second division of spermatocyte. 

L speimatid 

M and N spermatids in spermioteleosis. 

O complete spermatozoon 

SPERMATOZOON 

The head of the complete spermatozoon of the present species is 
about 5 F m length, and its frontal view shows an elongated fusiform 
shape, somewhat rounded posteriorly (Fig. 8 0). The middle piece could 
hardly be observed m the present spermatozoon, and the lack of the 
middle piece may perhaps be a common characteristic in some molluscan 
species, such as Modiolaria marmorata and Cardium exiguum after Lovkn 
(1848), Ostrea virginiana after Brooks (1880), and Umax agrestis after 
Byrnes (1899). 

According to Monk (1928), in Sphaerium notatum the spermatozoon 
is fusiform and is destitute of tail. In my material, the tail is easily 
observable. 
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GROWTH OF THE OOGONIUM 


Various developmental stages of the oogoma, ten or more in a simul¬ 
taneous stage, are found in the mature ovary throughout the year. The 



Fig. 9. Stages of oogenesis x700 cs egg stalk, mp miciopyle, nc nurse cell, 
oep ovarian epithelium, vm vitelline membrane 

A and B oogoma. eaily stage still m basal half of ovarian epithelium 
C same: distal surface projected to ovanan cavity; covered with egg membiane. 
D same: more protruded towaids ovanan cavity, egg membrane more spreading 
over its free distal surface, egg stalk forming at its proximal half; nurse cells 
differentiating from ovarian epithelial cells around it 

E same: much more protruded into ovarian cavity; egg membrane much more 
spreading; egg stalk and nurse cells highly enlarged; oogomal nucleus being dislocated 
towards distal half. 

F same: its protrusion and formation of egg membrane almost completed, egg 
stalk and nurse cells showing tendency to degeneration 
G primary oocyte 
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oogonia in the early stages are found intercalated between the ovarian 
epithelium and its basement membrane (Fig. 9 A and B) Each oogonium 
is spherical or oval in shape and is less tall than the neighbouring epi¬ 
thelial cells, which are columnar. Each oogomal nucleus is spherical and 
vesicular, almost filling up the oogonium. It is much larger than those 
of the epithelial cells, which are always ovoidal or ellipsoidal, with their 
longest axis perpendicular to the basement membrane, and contains, in¬ 
variably, a plasmosome distinctly larger than those in the epithelial cells, 
and a small amount of fine granular chromatins distributed peripherally. 

Each oogonium grows and pushes its way between the epithelial cells 
and begins to protrude towards the ovarian cavity (Fig. 9 5). 

As soon as the distal surface of the oogonium has reached the ovarian 
cavity, the actual portion just exposed to the cavity becomes covered by 
an egg membrane (Fig. 9 C). In the nucleus, the granular chromatins 
increase in number and one or two accessory plasmosomes appear. The 
cytoplasm becomes rich in nutritive substance, and stains strongly on the 
applying Heidenhain’s hematoxylin. 

In the following stage, the distal portion of the oogonium continues 
to protrude more into the ovarian cavity, while the proximal portion 
narrows and forms the egg stalk, being oppressed by the adjacent epithelial 
cells (Fig. 9 5). The egg plasm, as a whole, is in the act of flowing 
from the proximal portion to the distal. The nucleus increases m size 
immensely and is dislocated from the original position to the newly- 
protruded, distal portion of the oogonium. The chromatin granules begin 
to be rearranged into threads forming a fine network from an original, 
diffusely distributed condition Besides one large plasmosome, two ot 
three small plasmosomes become visible The nurse cells — some ovanan 
epithelial cells adjacent to the oogonium—tend to be elongated while the 
oogonium continues to be enlarged. 

In the later stages of growth, the distal portion of the oogonium, still 
enlarging, continues to project into the ovarian cavity, and the whole 
projected portion is covered by the egg membrane, which shows a slight 
but distinct elevation around its proximal end (Fig. 9 2?). The proximal 
egg stalk still continues to narrow. The boundary between the egg stalk 
and the nurse cells is not so indistinguishable, but no cell membrane is 
visible there. In the portion proximal to the nucleus, fine granules are 
specially aggregated. Woods (1932) has also observed similar granules 
in Sphaerium striatinum , and identifies them with the mitochondria. In 
the nucleus, the chromatins become again granular and there appear 
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usually two plasmosomes, a larger and a smaller. The nurse cells are at 
a maximum elongation. 

In the last stage of growth, the oogonium is suspended only by its 
egg stalk in the ovarian cavity from the ovarian wall. The nucleus be- 
comes much enlarged and vesicular, containing only one large plasmosome. 
The fine so-called mitochondria become a little coarser. Occasionally, I 
was able to find two special granules closely arranged, just outside the 
nucleus at its proximal side They take a plasma-stain and are nothing 
but the centrosomes. Stauffacher (1894) has already found centrosomes 
in Sphaerium corneum. The elongated nurse cells withdraw again to the 
level of the original epithelium, and show several signs of degeneration. 
By this time, the egg membrane is almost completed (Fig. 9F). 

Finally the liberation of the oogonium into the ovarian cavity occurs 
at the dose of the growth period, the degenerating nurse cells and the 
egg stalk outside the egg membrane being remained In the epithelium. 
As to the fate of the nurse cells, I have nothing to report at present, 
but it appears to me that they continue further degeneration and never 
regain their function. 

REMARKS ON THE GROWTH OF THE OOGONIUM 

1) THE VITELLINE MEMBRANE. A thick and clear egg membrane is 
reported in most of freshwater iamelhbranchs ( Unio , Anodonta , and 
Sphaerium). In Musculium heterodon, the egg membrane is formed as 
soon as the distal surface of the oogonium reaches the ovarian cavity, 
and there is no gland which may secrete any egg membrane (Fig. 9 C). 
It may therefore be true to say that the contact of the naked egg plasm 
with the fluid contained in the ovarian cavity produces a piece of the 
membrane. The latter then spreads continuously to a primary envelope, 
while the protrusion of the’ oogonium and the withdrawing of the nuise 
cells continue. Thus, in my opinion, the egg membrane of the present 
species is no doubt the vitelline membrane, as is defined by several 
authorities in other species. 

2) THE ACCESSORY PLASMOSOMES Not only in Sphaeriidae but also 
in many other molluscs, two or three plasmosomes have been reported by 
many authorities during the period of growth. According to Stauffacher 
(1894) and others, the presence of accessory nucleoli is due to budding 
from the main nucleolus. In my case, the appearance of accessory small 
plasmosomes is in the middle period of growth (Fig. 9 C and D), but I 
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was not able to find them In the early and later periods. In reality, the 
formation of the accessory plasmosomes happen to occur with the increase 
of the amount of nuclear contents, granular and fibrillar. At first a few 
small plasmosomes appear here and there m the nucleus, besides the 
main plasmosome which is always perceptible throughout the whole 1 period 
of growth. But, later, the accessory plasmosomes fuse with the main 
plasmosome, a single large nucleolus resulting. In my opinion, the appear¬ 
ance of the accessory plasmosomes is thus a transitional phenomenon in 
the formation of a single larger plasmosome by the addition of smaller 
ones. The process of fusion is repeated once or twice, and, finally, the 
main plasmosome becomes the germinal spot in the primary oocyte. 

3) THE NURSE CELLS. Some ovarian epithelial cells, adjacent to each 
oogonium, have now been named by myself the nurse cells. While the 
oogonium continues to grow, these nurse cells are in most intimate contact 
with it. They increase in bulk and are elongated along the egg stalk. 
The boundary between the nurse cells and the oogonium becomes obscure, 
and the egg membrane is never formed there, notwithstanding its presence 
covering the whole free surface of the oogonium. Moreover, in the stages 
of completion of the growing period, the nurse cells withdraw, showing 
a tendency to degeneration, to the level of the original epithelium (Fig. 
9 F). Such facts may suggest to us the possibility that the nurse cells 
supply nourishment to the oogonium during its growth, as m the case 
of the insect eggs reported by Korschelt (1884). 

PRIMARY OOCYTE 

At the end of the growth stage, each full-grown oogonium is liberated 
from the ovarian epithelium into the ovarian cavity, and becomes the 
primary oocyte. The primary oocyte is almost spherical with a typical 
germinal vesicle containing a germinal spot. Its diameter measures about 
40 /l The germinal vesicle is somewhat eccentric in situation, and is 
somewhat flattened, measuring about 15 in height and about 20 in 
breadth. 

The vitelline membrane is quite distinct. It is perforated at the point 
of its attachment to the ovarian epithelium, and forms the micropyle. 
The margin of the vitelline membrane around the micropyle is a little 
elevated. 

The original distal point of the oocyte opposite the micropyle cor¬ 
responds to the animal pole, from which the polar body will be formed 
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later. But, actually, the formation of the polar body never occurs while 
the oocytes are m the ovarian cavity. Perhaps the maturation division 
will occur after liberation of the oocytes to the cloacal chamber. 

The egg plasm is homogeneous containing a small amount of deuto¬ 
plasm, but, in the vegetal portion, dark particles of mitochondria are 
scattered somewhat densely (Fig 9 G). 

SUMMARY 

1) Musculmm heterodon is hermaphroditic; the genital system consists 
of a massive testis, and a pair of sperm ducts, tubular ovaries, and of 
hermaphroditic ducts. 

2) The spermatozoa are found almost throughout the year; head 
elongate fusiform, 5 p m length, circular in cross section with a diameter 
of about 1.5/' m its widest portion; tail slender; destitute of the middle 
piece. 

3) The oogenesis appears periodically, but throughout the year. 

4) The obgonia of early stages are found intercalated between the 
ovarian epithelium and its basement membrane; they grow and protrude 
towards the ovarian cavity and finally develope into the oocytes. 

5) By this process of growth, formation of the vitelline membrane, 
dislocation of the egg nucleus, appearance of the accessory plasmosomes 
and their fusion into the main plasmosome, and differentiation and de¬ 
generation of the nurse cells happen to occur. 

6) The primary oocyte is homolecithal, nearly spherical, about 40 p 
in diameter. 


REFERENCES 

Aw ATI, P. R and Ral, H. S 1931 Ostrea cucullata . Indian Zoological Memons Lucknow. 
Baker, F C. 1927. On the Division of the Sphaerudae into two Subfamilies; and the 
Descuption of a New Genus of Uniomdae, with Descriptions of New r Vaiieties. 
Amei Mid Nat., 10. 

Brooks, W K. 1880. De\elopment of the American Oystei, (Ostrea virgimana ListA Rep 
Comm. Fish. Maryland, 4. 

Byrnes, E F. 1899 The Matuiation and Fertilization of the Egg of J Umax agrestis (Linne). 
Jour. Morph, 16 

Coe, W. R 1932. Sexual Phases in the American Oyster (Ostrea virginicd). Biol. Bull, 63. 
Coker, R. E 1922. Natural History and Propagation of Freshwater Mussels. Bull. U. S. 
Bureau of Fish., 37. 

Gatenby, J. B 1917. The Cytoplasmic Inclusions of the Germ-Cells. Pait I Lepidoptera. 
Quart Jour. Micro Sei., 62 



328 


K. OKADA 


Gatenby, J. B 1917 The Cytoplasmic Inclusions of the Germ-Cells. Part SI. Helix axpcisa. 
Ibid., 62 

Gilmore, R J 1917. Notes on Growth and Reproduction m Certain Viviparous Molluscs 
of the Family Sphaemdae Nautilus, 31. 

H arms, W 1908. Die p o stembrv on a 1 e Entwicklung von Unio put auim imd Unio tumulus. 
Zool. Anz, 32 

Jhlrixg, H. von 1877 Zui Kenntniss der Eibildung bei den Muscheln. ZeiU wiss Zool, 
29 

Johnstone, J. 1899. Cardium. L M. B C. Memoirs. Liveipool 

Korschelt, E. 1884 Uber die Bildung des Chorions und dei Mikiopylen bei den Insokton- 
eiern Zool Anz , 7. 

Lefevre, C and Curtis, W C. 1910. Reproduction and Parasitism m the Umomdae. Jour, 
exp Zool., 9. 

Loven, S 1848 Beitrage zui Kenntniss der Entwicklung dei Mollusca Acephala Lamelh- 
branchidta. K Vet. Akad liandl, Stockholm. 

Meisenhelmer, J. 1901 Die Entwicklung von Herz, Pexikard, Niere, und Gemtalzellcn bei 
Cyclas lm Verhaltmss zu den ubrigen Mollusken Zeils. wiss Zool, 69 

Monk, C R 1928. The Anatomy and Life-historv of a Freshwater Mollusc ot the Genus 
Sphaenum. Jour. Morph Physiol, 45 

Nomura, E 1926. On Application of a~kb l in Expressing the Growth Relation m the 
Freshwater Bivalve, Sphaenum hetcrodon Pils Sci. Repts. T6hoku Imp Umv., 
Biol, 2 

Orton, J. H 1927 Observations and Experiments on Sex-Change in the European 0>ster 
(0. edulis). Part 1. The Change from Female to Male Jour. Mar. Biol. Assoc. 
U Kmgd., 14 

Orton, J. H. 1931. Observations and Experiments on Sex-Change m the Emopean Ovster 
(O. edulis). Part 2. On the Gonad of Egg spawning Individuals Ibid, 17. 

Stalffacher, H. 1894 Eibildung und Fuichung bei Cyclas cornea Lam Jen Zeits Natur- 
wiss., 28. 

Sterki, V. 1922. Some Notes on Sphaerndae with Descriptions of New Species Ann. 
Carnegie Museum, 13. 

Woods, F. H 1931 History of the Germ Cells in Sphaenum stnatinum (,Lam.J Jour. 
Morph. Physiol, 51. 

Woods, F H. 1932 Keimbahn Determinants and Continuity of the Germ Cells m Sphaenum 
stnatinum (Lam) Ibid., 53 



ZUR KENNTNIS DER ENTWICKLUNGSGESCHICHTE VON 
HETEROCHORD ARIA, SCYTOSIPHON 
UND SOROCARPVS'- 


Von 

Kogoro Abe 

Biologisches Institut det Kaiserhchen Tohoku Unwersitat, Sendai, Japan 
(Mit Tafel X und 6 Textfiguren) 
fEingegangen am 10 Oktober 1934) 

Die hier vorlaufig veroffentlichten Angaben beruhen hauptsachlich auf 
vom Winter 1933 bis zum Friihling 1934 in der biologiscben Station zu 
Asamushi ausgefiibrten Versuchen. Als Material gebrauchte icb Hetero- 
chordaria abietina, Scytosiphon lomentarius und Sorocarpus uvaeformis; 
alle drei wuchern lippig m dieser Gegend. 

Wenn man reifes, vorher mit frischem Susswasser oder filtriertem 
Meereswasser grundlich ausgespiiltes Material eimge Stunden lang im 
Dunkeln stehen lasst und dann in ein Glasgefass mit Meereswasser bringt, 
so bekommt man leicht eme grosse Menge von Schwarmern dieser Algen. 
Die Sehwarmer zeigen starke negative Phototaxis. 

Die Objekttragerkulturen warden in Glasbechern mit etwa 200 ccm 
Wasser vor das Nordfenster eines ungeheizten Zimmers gestellt. Als 
Nahrlossung benutzte ich ScHREiBERsche Fliissigkeit (1932). 

I. HETEROCHORD ARIA ABIETINA (RUPR) S AND G 

Heterochordaria abietina , erne Spezies der Heterochordariaceen, reift 
in Asamushi vom Winter bis zum Friihling. Bei dieser Alge findet man 
uni- sowie plurilokulare Sporangien in getrennten Individuen. Die in 
unilokularen Sporangien entstandenen Sehwarmer keimen gewbhnlich ohne 
Kopulation. Unter den Schwarmern gibt es aber zwei Arten (Textfigg. 
1, A, a), welche versehieden gross sind und m getrennten, im Aussehen 
etwas verschiedenen Individuen (im Zeichen A, a) (Taf. X, Figg. 1, A, 
a), entstehen. Kopulation zwischen diesen zwei Arten von Schwarmern 
erfolgt auch recht haufig. 1928 veroffentlichte Ikari eine Mitteilung tiber 
die Entwicklung dieser Sehwarmer, deren Kopulation er aber nicht beo- 


n Contribution from the Marine Biological Station, Asamushi, Aomon-Ken, No. 117. 
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Textfig X. Heteroehordana abietina. 
Viererlei Schwarmer und lhre Kopulation 
A-a Schwarmer aus unilokularen Sporangien 
von Individuen A und a, B-b Schwarmei 
aus plurilokularen von B und b C-G auf- 
emanderfolgende Stadien der Kopulation 
zwischen A und a, C-Hf dieselbe zwischen 
B und b Vergr. 1040 


bachten konnte Nach mem or 
Krfahrung eifolgt die Kopulation 
nur m der lebhaftoslcn Zeal der 
Schwarmer. 

Die Schwarmer aus unilokularen 
Sporangien keimen, wie allgcmem 
bekannt, bei den moisten Algon 
nur ungescblechtlich. Aber die 
Keimung nach der Kopulation 
solcher Schwarmer ist jiingst auch 
bei verschicdcnen Algen beschneben 
worden, z. B. bei Pijlaiella litoralis 
(Knight, 1923), bei Ectocarpus 
siliculosus (Knight, 1929) und bei 
Sphacelaria bipinnata (Cunt, 1927). 
Also bietet der Fall bei Hetero- 
chordaria abietina mchts besonders 
Auffallendes. 

Die in plurilokularen Sporangien 
entstandenen Schwarmer sind ini 
Grunde Gameten, keimen aber 
auch ohne Kopulation. Bei diesen 
Schwarmern kann man auch zwei 
Arten unterscheiden (Textfigg. 1, 
B, b), die verschieden gross sind 
und m getrennten, verschieden aus- 
sehenden Individuen (nn Zeicben 
B,h) (Taf. X, Figg. 1 , B, /;), onE 


stehen. 

Die Messung der Schwarmer ergab folgende Werte : 



Schwarmer aus A 

aus a 

aus B 

aus b 

lang: 

9.3 n 

8.5 n 

8.2 n 

6.4 ft 

breit: 

4.7 p. 

5.0 /-« 

4.5 /-< 

4.2 !> 

abgerundet: 

8.4 

8.0 n 

7.1 p 

6.0 t* 


Sie alle besitzen je ein plattenformiges Chromatophor und einen roten 
Augenfleck; der Augenfleck der kleineren Schwarmer ist etwas dunkler 
als der der grosseren. Mit Ausnahme der Schwarmer aus b beginnen 
diese Schwarmer nach etwa 24 bis 30 Stunden ungescblechtlich zu keimen 
und entwickeln einen Keimschlauch, der auf der Unterlage hinkriecht. 
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Die erste Querwand bildet sich nach etwa zwei oder drei Tagen (Text- 
fig. 2). Bei der Keimung wandert der Inhalt der Schwarmer m den 
Keimschlauch hmuber, so dass nach der 
ersten Teilung des Keimlings die an der 
Spitze des Keimschlauchs abgeschiedene 
neue Zelle sehr inhaltsreich, die urspriing- 
liche Spore dagegen ganz leer wird. 

Durch eine Menge von Quer- und 
Langsteilungen begmnt sich dann die 
Scheibe zu bilden. Mit fortschreitender 
Entwicklung werden knechende Wurzeln 
ausgebildet. Die vollstandige Entwick¬ 
lung zu neuen Heterochordaria-lndividiien 
habe ich bei meinen Kulturen noch 
mcht verfolgen konnen. 

Wahrend die klemeren, aus a und 
b stammenden Schwarmer geraume Zeit 
beweglich sind, nehmen die grosseren 
aus A und B in kurzer Zeit eine runde 
Form an. Also verhalten sich diese 
weiblich und jene mannlich. Beim 
Beginn der Kopulation schwarmen die 
mannlichen massenhaft um die weib- 
lichen. Die Textfigg. 1, C-G, C-H r 
zeigen die aufeinanderfolgenden Stadien 
der Kopulation. Die Verschmelzung 
erfolgt meistens derail, dass das farblose Elide des mannlichen Schwarmers 
auf das das Chromatophor fiihrende Ende des weiblichen trifft, ebenso 
wie bei Ectocarpus siliculosus (Oltmanns, 1922). Der Sexualakt selbst 
dauert 10 bis 15 Sekunden. Die Zygote umgibt sich bald mit emer 
Membran. Die beiden Chromatophoren in der Zygote liegen getrennt, 
ohne Verschmelzung. Der Durchmesser der Zygote der in unilokularen 
Sporangien entstandenen Schwarmer betragt etwa 9.6 und der in pluri- 
lokularen entstandenen 8 fK Die Keimung der Zygoten verlauft ganz ahnlich 
wie die der Schwarmer. Aber in meinen Kulturen degenerierten die 
Keimlinge aus den Zygoten vor der Entwicklung der kriechenden Wuizeln. 
Die Textfig. 3 zeigt die verschiedenen Entwicklungsstadien der Keimung 
von Zygoten. Wie die Figuren zeigen verlauft die Entwicklung der Zygote 
zwischen A und a etwas schlechter als die der Zygote zwischen B und L 



Textfig 2 Heterochordana abie‘ 
tina Ungeschlechtliche Keimung der 
Schwarmer. A-E Keimlinge von 
Schwarmei aus A, A / -E / die \on 
Schwarmer aus a, A u -D" die von 
Schwarmer aus B Schwarmer aus 
b mcht keimt Vergr. 660. 
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Bei dieser Alge ist nur das plurilokulare Sporangium bekannt. Die 
Kopulation der in diesen Sporangien entstandenen Schwarmer wurde 
schon wiederholt von verschiedenen Autoren untersucht. Berthold (1881) 
gibt an, dass er bei dibziscben Pfianzen aus Neapel nur selten Kopulation 
fand. Nur einmal gelang es ihm, ein mannliches Exemplar zu bekommen. 
Kuckuck (1912) beobachtete bei Helgoland auch Kopulation der Schwarmer 
dieser Alge; er bekam aber hochstens eine Zygote auf 100 Schwarmer. 
Nach ihm sind die Pfianzen in dieser Gegend mon'ozisch, und nur die jenigen 
Schwarmer, die friih morgens herauskamen, haben die Fahigkeit, zu kopuhe- 


ren. An der marokkanischen Kiiste bei Tanger hat er auch Gelegenlieit 
gehabt, diese Pfianzen zu sammeln. Aber die mit diesen Exemplaren an- 
gestellten Versuche waren ganz ergebnislos. Es gelang Sauvageau (1928) 
nicht, an der franzosischen Westkiiste (Guethary) Kopulation dieser Alge 
nachzuweisen. Damman (1930) machte auch Versuche, in Helgoland Kopula¬ 
tion dieser Pfianze zu erzielen, aber hatte keinen Erfolg damit. Auch 
Kylin (1933) hat bei dieser Pfianze in Kristineberge kerne Kopulation 
beobachtet. Seiner Meinung nach ist die oben erwahnte Kopulation der 


Schwarmer bei dieser Alge keine echte 
sexuelle, sondern nur eine Schein- 
kopulation. 

Um diese Erscheinung noch ge- 
nauer zu erkennen, stellte ich einige 




Untersuchungen an. Unter den Ex¬ 


emplaren in Asamushi konnte ich 
gleich viererlei Individuen: A , a, B 
und b unterscheiden. A und a sind 
viel dicker als B und b. Aber A 



(bzw. B) sieht ziemlich starker als a 
(bzw. b ) aus (Taf. X, Fig. 2). Die 
Schwarmer aus diesen viererlei Indivi¬ 
duen keimen bald ohne, bald nach 
Kopulation. Die Kopulation erfolgt 
nur zwischen A und a, und zwischen 
B und b. Die Schwarmer aus A 
smd etwas grosser als die aus a, 
ebenso die Schwarmer aus B grosser 
als die aus b (Textfigg. 4, A, a, B, h ). 


c 



Textfig. 4. Scytosiphon lomentarms. 
Viererlei Schwarmer und lhre Kopulation. 
A , a, Bj b Schwarmer aus Individuen 
A, a , B und b C-H aufeinanderfolgende 
Stadien der Kopulation zwischen A und 
a 9 C / -H / dieselbe zwischen B und b. 
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Schwarmer aus A 

aus a 

aus B 

aus b 

lang: 

l.YfJ- 

6.5 it 

6.6 p 

5.9 <> 

breit: 

3.8 p- 

3.7 (t 

3.6 p 

3.1. // 

abgerundet: 

5.8 fJ 

5 3 [t 

5.7 p 

!.<8 ;> 

Die Kopulationsvorgange verlauien ganz lilinlich 

wie bei llvte 

rochordana 

abietina (Textfigg 

. 4, C-H, C'-H'). 

Die Zygote 

zwischen A 

und a hat 


emen 1 Jurchmesser 



Textfig. 5 Scytosiphon lomentanus Keimlmge der 
Zygote A~M Keimlinge dei Zygoten zwischen B und h. 
Vergr. A-L 600, M 99. 


von ciwa 6.4 p und 
die zwischen B und 
h einen von 6.1 /a 

Nach etwa 24 bis 
30 Stunden begmnen 
die Schwarmer und 
die Zygoten zu kei- 
men. Zuerst bildet 
sich em kurzer Kemi- 
schlauch aus, und 
nach etwa zwei Tagen 
wird die erste Zell- 
wand gebiidet (Text¬ 
figg. 5, A-E ). In den 
meisten Fallen ent- 
wickelt sich zuerst 
ein monosiphoner 
Zellfaden (Textfigg. 
5, F L). Mit fort- 
schreitender Kntwick- 
lung bilden aber die 
Keimlinge cine Haft- 
scheibe aus (Textfig. 
5, M), an der sich 
enclgultig aufrechte 
Pflanzchen entwickeln 
durften. 

Wie bei Hetero- 


chordaria ist die Ent- 

wicklung der Zygote zwischen ^4 und a etwas schlecht. 



ENTW1CKLUNGSGESCHICHTE VON HE I'EROCHORDARIA U. S. W 


333 


HI. SOROCARPUS UVAEFORMIS (f.YNGB j PR1XGSH 


Sorocarpus uvaeformis ist eine Spezies der Ectocarpaceen. Erst ganz 
kurzhch vvurdc das Vorkommen dieser Alge an der nordlichen Kiiste 
Japans bemerkt. Wie bekannt, gibt es ziemlich viele Varietaten dieser 
Pflanze Die fur meine Untersuchung benutzten Pflanzen sehen etivas 
anders aus als die von Okamura (1929) seinerzeit in seiner Ikonographie 
abgebildeten. 

Auch bei dieser Alge sind bis jetzt nur Individuen nnt plunlokularen 
Sporangien bekannt Aber ich konnte auch outer lhnen viererlei Indin- 
duen: A , a, B und h unterscheiden. 

Die Messungen an den Schwarmern dieser Individuen ergaben folgende 
Werte. 



Schwarmer aus A 

aus a 

aus B 

aus h 

lang: 

7.3 n 

6. 4 p 

6.9 f 

6.4 p 

breit: 

4.0 n 

3.9 p 

3 5 ft 

3.8 p 

abgerundet: 

6.5 ft 

5.8 p 

6.5 f> 

5.5 p 


Die Gestalt der Schwarmer isl der 


von Heterochordoria und Scytosiphon 
ahnlich (Textfigg. 6, A, a, B , b). Auch 
bei diesem Falle keimen die Schwarmer 
bald ohne, bald nach Kopulation. Nach 
etvva 24 Stunden beginnen die Schwar¬ 
mer zu keimen und entwickeln damn 
emen Keimschlauch. Die erste Quer- 
wand ist schon nach zwei Tagen zu 
beobaehten. In den meisten Fallen 
entwickelt sich zuerst ein monosiphoner 
Zellfaden. Mil fortschreitender Ent- 



wicklung fangt aber die Bildung der 
Seitenzweige an. Kopulation der Schwar¬ 
mer erfolgt nur zwischen A und a, und 
zwischen B und b (Textfigg. 6, C-E, 
C-E f ). Die Zygote von A und a hat 
emen Durchmesser von etwa 8.0 p und 
die von B und b einen von 5 p. Die 
Keimung der Zygoten ist ebensowie 
die der Schwarmer. 



Textfig. 6. Somcarpus uvaeformis. 
Viererlei Schwarmer und ihre Kopula¬ 
tion A t a , B, b Schwarmer \on In¬ 
dividuen A, a , B und b. C-E auf- 
einanderfolgende Stadien der Kopula¬ 
tion zwischen A und a f C / -E / die- 
belhe zwischen B und b. Vergr 1040. 



336 


K. ABE 


ZUSAMMENFASSUNC, 

Bei Heterochordaria abietina , Scytosiphon lomenlanus und Sorocarpns 
uvaeformis konnen wir viererlei lndividuen (A, a, B und b) unlerscheiden, 
die in ihrem Aussehen verschieden sind. Bei Heterochordaria abietina 
smd die Sporangien von A und a umlokular und die von R und b pluvi- 
lokular, aber alle Sporangien bei Scytosiphon lame atari us und Sorocarpus 
uvaeformis sind plurilokular. Die Schwarmer dieser Pflanzen fungioren 
fast alle sowohl ungeschlechtslich als auch geschlechtlicb. Kopulation 
erfolgt nur zwiseben A und a, und zwischen B und b. Bei diesen bciden 
Fallen ist der weibliche Garnet etwas grosser als der mannlichc. Kopulation 
unter den Schwarmern von gleichen lndividuen kommt niemals vor. Also 
ist die Geschlechtstrennung bei diesen Algen stark fixiert. Die Indivi- 
duen A und a, sehen immer kraftiger als B und b aus, meiner Meinung 
nach sind A und a diploid und B und b haploid. Die Chiomosomen- 
reduktion diirfte bei der ersten Kernteilung in den Sporangien von A und 
a erfolgen. 

Sieheren Aufschluss liber den Generationswechsel dieser Pflanzen weide 
ich bei nachster Gelegenheit durch eine zytologische Untersuchung zu 
erzielen suchen. 

Herrn Prof. Dr. Tahara, unter dessen Leitung diese Arbeit ausgefuhrt 
wurde, mochte ich hier meinen verbmdlichsten Dank dafiir aussprechen. 
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TAFELERKLARUNG 
TAFEL X. 

Fig 1 Heteiochordaria abietma Vieieilei \erschieden aussehende Indmduen. A 
weibliehes Individum nut unilokulaien Sporangien, a mannliches nnt denselben 
B weibliehes Individum mit plunlokulaien Spoiangien, b mannliches mit den¬ 
selben Verkl 4/5 

Fig 2 Scyiosiphon lomentarms. Vieieilei veisihieden aussehende Individuen. .4, 

B weibhch, a, b mannlieh. Veikl. 2/5. 






ON THE GROWTH OF THE SHELL OF MERETR1X MERETRIX, 
ESPECIALLY WITH REGARD TO PERIODICITY OF 
GROWTH RELATIVELY TO THE SEASONAL 
VARIATION IN THE ENVIRONMENT 

By 

Ikuso Hamai 

Biological Institute , Tohoku Imperial University , Sendai , Japan 
(With five figures m text) 

(Received October 25, 1934) 

In the formula of relative growth, y=ax h , the signification of the 
constant a has been examined by Nomura (1926, ’28), and its modification 
a M has been given by Hamai (1934), as the local constant. The present 
writer understands the constant h as being the ratio between the two 
constants, which are to be explained later. 

The constant b signifies naturally a condition of relative growth between 
the two dimensions, x and y, and varies with locality and season (time 
phase). In my previous paper, however, the relation between these con¬ 
stants and the environmental conditions has not been discussed in detail 
The purpose of the present paper is to state and explain these details 
and to elucidate the features of the natural growth in the shell of Meretnx 
meretrix with regard to the various values of the constant 6. 

This investigation has been carried under the cordial guidance of Prof. 
E. Nomura, to whom the present writer wishes to express his sincere 
thanks. 


MATERIAL AND METHOD 

The collection of specimens of Meretrix meretrix was carried out in 
the sea inside the breakwater in Kusatu, Hirosima, where native fishermen 
usually raise this clam for commercial purposes. All the specimens were 
obtained only from a definite area, of about 100 square metres, in order 
to limit the change in the environment to definite conditions, and, in 
order to make the monthly interval between the consecutive collections 
equal as much as possible, they were made on the 14th of every month 
from October, 1932, to September, 1933. They have been preserved in 
a 3 per cent, formalin solution of sea water. 
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The specimens thus collected included naturally animals of various 
ages. Their linear dimensions, viz. length, depth and height, and their 
shell weight including ligament only, were measured. Both the methods 
of measurement and of calculation were the same as those stated in my 
previous paper (1934). 

RELATION BETWEEN THE TIME AND THE GROWTH OF 
MERETRIX MERETRIX 

Robertson (1908, ’23), Brody (1921) and others applied to the growth 
of the organisms the equation of an autocatalytic mono-molecular reaction, 
viz. 

log-/- =K(t-t,) .(1) 

X 

where x is the weight of organism at time t, A the final weight attain¬ 
able, U the time when x~A/2, and K the growth constant. The equation 
represents a sigmoid curve of growth, and, when this curve is to be 
repeated twice or more, the following formula is adopted: 

. (2) 

where w is the weight gained until the beginning of the growth cycle 
under consideration, and A is the total weight gained during the cycle, 
the other notations remaining the same as in (1). 

Formulae, (1) and (2), have an inflection point at A/2 or U, To the 
animals, in which the growth curve has the inflection point below A/2 , 
Robertson (1926) applied the modified formula: — 

-y -4- R 

Iog T-5 .(3) 

and indicated that the degree of asymmetry can be calculated by the 
constant B . Brody (1926) also represented the growth, after the inflec¬ 
tion point, by the equation 

W=A-Be~ kt ...(4) 

where W denotes the body weight at age t, e the base of natural loga¬ 
rithms, and k the fractional decline of growth, which is termed the specific 
velocity constant m the publications and reports on chemical kinetics. B 
is a parameter, the value of which increases with the gain in length of 
the process, which precedes the point of inflection in the phase under 
consideration. Moreover, Brody m relation to the formula (4) stated 
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that the limiting value A may, for practical purposes, be considered as 
denoting the mature weight of the animal, which is its genetic growth 
constant. When the animal grows normally under given favourable con¬ 
ditions, this mature weight ought to be a characteristic of its own species. 

According to Brody, m the process of growth there are two independ¬ 
ent phases, the self-accelerating and the self-inhibiting. Equation (4) 
was adopted for the latter phase, after the point of inflection on the 
growth curve, and its velocity of growth declines m a geometrical pro¬ 
gression with age. In the case of the self-accelerating phase Brody used 

. ... - (5) 

where A is the weight at the beginning of the entire growth period. 
If this is transformed into logarithms, then 

log W=\og A + kt 
On differentiating this 

d log W 
dt ~ k 

The relative growth rate is therefore constant. 

These equations of Brody's, however, are not sufficiently based upon 
the biological conception, as has also been pointed out by Kaufman (1930). 

During the complete life cycle of the organisms, the activity of both 
acceleration and inhibition may function in the growth of the body as 
internal factors in its continuous discharging, and may change its features 
together with its regulation, which depends upon the environmental con¬ 
ditions when considered as a function of the external limiting factors. 
These natural processes may sustain the continuity of growth in so far 
as no sudden change in these internal and external factors occurs. With 
this consideration, how the external limiting factors determine the growth 
process as environmental conditions, and what features are given to the 
growth may form part of subject of investigation. 

In the shell growth of Meretrix meretrix , it has first to be taken into 
account, as an internal physiological process, that the increase of the shell 
material depends upon the secretion of organic and inorganic substance, 
for instance, chitin and calcium carbonate, from the epithelium of the 
mantle. The explanation of the mechanism of this secretion must be a 
fundamental solution m connexion with the development of the shell, but 
an analysis of natural growth with special reference to the environmental 
conditions may be also contributive to the study of internal factors. 

The applicability of (1) and (2) with* regard to the growth of Meretrix 
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meretrix may possibly be confirmed by calculations, based on the data 
given by Naito (1930) The results of calculations are shown in Table l 


Table l. 
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-1 n> 
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cm 

Height in 
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gm 
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CD 
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1 
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1 
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£ 

C 

6 
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s 
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obser\ c 
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Calculat 

value 

D iff even 
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observe 

value 

Calculat 

value 

C 

2 

<U 

S±3 
! Q 

Average 

observe 

value 
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c 

s 

CD 

O 


Apr 

27, 

1925 

45 

0 

2.00 

2.01 

0.01 

1.75 

3 75 

' 0.00 

: 2.20 

2.18 

-0.02 


May 

27 


45 

80 

2.10 

2 09 

-0 01 

1.80 

1 81 

0.03 2 GO 

2.45 

-0.15 


Jun. 

28 


44 

G2 

2.27 

2 27 

o.oo 1 

1 94 

3.95 

! 0.01 

3 33 

8.13 

-0.18 

>, 

Jill 

21 


44 

85 

... 

2.47 

2 48 

0.01 

2.12 

2.10 

- 0.02 

4.18 

8.99 

-0.19 


Sept 

9 


44 

185 

2.88 

2 98 

0.05 ! 

2.42 

2.46 

! 0.0-1 

6.36 

6.52 

0 36 


Oct 

8 


40 

164 

8.10 . 

8.08 

-0.02 

2.59 

2.59 

0.00 

7 82 

7 59 

-0 23 


Nov. 

8 


29 

195 

3.17 i 

8.15 

-0.02' 

2.68 

2.67 

0.01 

8.40 

8.19 

-0.21 


Dec 

9 


27 

22G 

8.18 : 

8 IS 

0.00 

2.73 

2.70 

: - 0.03 

8.51 

8.45 

-0.06 


Jan. 

7, 

1926 

41 

2od 

8.19 | 

8.19 

0.00 

1 

2.71 

2 71 

0 00 

8.52 

8.53 

0.01 


Feb 

5 


41 

284 1 

I 

3.19 1 

3.19 

0.00 

2.71 

2.71 

! 0.00 

8.56 

8 59 

0.08 


Mar. 

8 


22 

815 

i 

3.19 

3.21 

0 . 02 ' 

2.73 

2.72 

0.01 

8.89 

8.70 

0.31 


Apr. 

18 


25 

856' 

2.20 ; 

8.27 

0 07| 

2.71 : 

2 76 

0.05 

8.77 

9.13 

0.36 


May 

20 


33 

39sj 

2.45 

3.42 

-0.08, 

2.90 I 

2.87 

-0.03 

10.70 

30.33 

-0.37 

C 

'o 

Jun. 

28 


33 

427j 

2.62 

8.61 

-0.01 

8.08 ! 

8.00 

-0.03 

12.21! 

11.92 

-0 29 

>, 

o 

Jul 

29 

S 

28 

458 

2.81 ; 

8.86 

0.05 

8.14 

8.17 

0 . 08 ; 

18.45| 

14.22 

0.78 

y 

Aug. 

29 

i 

j 

33 ; 

489 

4.06 1 

4.10 ' 

0.04 

8.32 ! 

1 

8 33 

t 

O.Olj 

16.06 

16.46 

0.40 


Oct. 

10 

1 

84 

581 1 

4.20 ( 

4.29 , 

-0.01 

3.48 ! 

8 47 

-0.03 

18,64 

18.36 

-0.28 


Nov. 

9 


24 

561 

1 

4.28 

4.86 

-0.02 1 

8.58 ■ 

8.51 

-0.02 

19,06 

1 

18.98 

-0.08 


Dec. 

11 

1 

24 ' 

1 

598 

4.29 ' 

4.89 , 

0 oo' 

8.58 

8.58 

0.00 

19.32: 

19.28' 

0.04 


Jan. 

28, 

1927 

24 

j 

641 

4.40 

4.40 1 

0.00 

8.54 

j 

8.55 

0 . 03 ! 

19.88 

19.44; 

0.06 

3 Si 

•j 

Feb. 

24 


1 

00 , 
i>«-» 1 

66 S 

1 

4.41 

f 


1 

__ 1 

3.55 


1 

I 

1 

1 

! 

19.69 1 

1 

1 

1 


5th 

cvele 

May 

7, 

1928 j 

8 : 

1106 

5.56 


! 

4.33 

1 

1 

. 

1 

i ’ 

85.00' 




and are plotted in Fig. 1. This growth cycle is repeated with a period of 
riYk Vd0Clly ° f 8rowth in increases, and that in 

annual “cie ' ^ "'“ h ” ge “ * he same Phase m each 








Length and height m cm. 
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According to Naito, the data shown in Table 1 were originally obtained 
from monthly measurements of the specimens reared in Kankawa, Tiba, 
in a wire-gauge cage embedded m the sand. This cage was about 30 cm. 
in length and breadth and about 36 cm in height, having meshes of about 
9 min. m the floor and on the sides and of about 12 mm in the roof. 
At first, on April 27, 1925, 45 young clams, which had been developed 
in 1924, were placed in this cage The measuring of these clams was 
therefore begun m the second cycle of growth of this bivalve. 



Fig 1. Cunes expressing giowth of Meretnx meretnx Points repiesent actual 
measurements, and thick lines loci of calculated values. 

Small clams of less than 5 mm. in length are found in abundance 
every year on sandy sea shores from the end of August to the beginning 
of September. From this fact in connexion with the spawning period, 
which will be described later, the part of the broken lines in Fig. 1 may 
possibly be deduced assuming a similarity of this growth curve to those 
of the succeeding growth cycle, that is to say, if the formation of the 
shell commences in August, in which the veliger larvae attain the shape 
of the adult. 

In calculating Naito’s data, the following formulae were obtained: 
Length, 2nd cycle: log * ~= =l 0.0140 (f—95) 

log tloj -=0-0120 (*-450) 

1 . 4*1 x 


3rd cycle: 


Weight in gm 
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Height, 2nd cycle: log. n? / — 0.0131 (t. 100) I 

1 * U “ * • • • ( 6 ) 

3rd cycle : log ^ =0.0113 (t — 450) 

Weight, 2nd cycle: — x HI) 

p;n 

3rd cycle : 1 °g~ ) : _ :c =0-0123 (t - 155) ^ 

RELATIVE GROWTH-RATE AND ITS RATIO 

The decline in the rate of growth may be observed in the relative 
rate of growth. The absolute velocity of growth (v) is obtained in 
differentiating formula (1), viz. 

v= —kx[A--x) .(7) 

where k=K/A. By determining dxjx in percentage of x , and when this 
percentage is rearranged, the following formula is obtainable 

dx _ d log x , , 

xAt dt . () 

as the relative rate of growth. 

When the relative rates of growth in (6) are plotted against t (time 
or age), the curves in Fig. 2 are obtained, and from these, in each 
dimension and in the weight, it is clearly recognizable that the relative 
growth rate declines with the increase in the number of years. 

Minot {vide Thompson 1917 and Neediiam 1931) concluded that the 
rate of senescence is greater in the earlier stage, from the fact of the 
decline in relative growth rate taken as the increment in percentage of 
the weight of the animal at the beginning of the period in question. 
Thompson (1917) criticised this conclusion and staled that the application 
dx' x 

°f ^ for animal growth could only be justified, if it expresses a 

straight line or some other curves simpler than the usual growth curves. 
The decline in the relative growth rate with age is, however, a biological 
fact, and its comparison among organs or animals must be useful. 

When the points at the same time phase in each cycle, viz. A-A or 
B-B, on each curve of relative growth rate in Fig. 2 are connected, they 
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make a hyperbolic curve, which may be expressed approximately by the 
formula 


dx/x _ </■ 
dt t 


■(9) 


where « is a constant. 

Murray (1926) has applied the formula (9) to the growth of the 
chick embryo and found it to fit the case. Schmalhausen (1927, ’29, 
’31) derived the formula (9) independently from his own study of the 
growth in the volume of the chick embryo, and, from the fact that the 
relative growth rate is inversely proportional to time, he established the 
law of growth, in which he urges that “ Das Produkt aus Wachstums- 
geschwindigkeit (relative growth rate) und Zeit hat bei konstanten Bedm- 
gungen des Wachstums emen konstanten Wert.’ - 



Fig 2, Heavy line and broken lines lepiesent daily change of lelative rate of 
growth, and thin lines annual change expiessed by (9) 


Also in the present investigation, the decline of relative growth rate 
with the prolongation of age in a certain time phase or in a certain 
environmental condition, which is repeated every year in the same manner, 
conforms to the law of growth of Schmalhausen. a in the formula (9) 
is, then, an index, which shows the decline in the constant environmental 
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conditions, and it may be called the conditional growth constant. 

By integrating (9), we obtain 

x=Qf ■ • (10) 

In the case of the other dimension ly, similarly 

y-Cd'' ■ (11) 

From (10) and (11) 

y=ax'’ ■ (12) 

is obtained, where b =/?/'■', and a = C,/C,". Therefore, b is the ra io be¬ 
tween the two conditional growth constants, /? and ", or the ratio between 
the relative growth rates of the two dimensions, y and .r, as stated at 
the beginning of this paper. 

Huxley (1931) derived the same equation as (12) from the equations, 
* "* G Md '1 ” xG 

in which and o are the specific constants, which are defined respectively 
for a certain organ and for the rest of the body; and G measures the 
general condition of growth, as affected by age and environment Since 
however G has a broad meaning, the formula (12) can be derived from 
simple exponential formulae as well as from the parabolic formulae, viz. 
(10) and (11), as already pointed out by Schmalhausen (1931). 

PERIODICITY OF THE SHELL GROWTH 

The monthly variations m the value of b in connexion with my monthly 
collections of Meretrix meretnx , i. e. the changes of b at different time 
phases, indicating the periodical change which makes an annual circulation, 
are shown in Table 2, and these records are plotted in Fig 3. 

Weight-length relation. The real value of b gradually showed an in¬ 
creasing tendency from February to July. After reaching its maximum 
in July, it decreased considerably in August, and again increased in Sep¬ 
tember, and then gradually showed a decreasing tendency until February. 

Height-length relation, b in this relation remained generally constant 
throughout the year, although it might be shown that its value was higher 
in summer than in winter 

Depth-length relation . In this relation, the lowest value was found in 
June, and the highest in September; and the rapid change appeared from 
July to September. In other words, the relative growth of depth was 



h m weight-length relation 


GROWTH OF SHELL OF MERETRIX MERETRIX 347 


Table 2 . 



m 1 
0 1 J 

S ! 

o u i 

Depth-length 

Height-length 

Depth-height 

Weight-length 

Month 

Relation 

Relation 

Relation 

Relation 


&! 

h 

a 

h 

a 1 

h 

a 

h 

n 

Oct, 1982 

u7; 

1.05 

0.471 ! 

0.90 

0.942 

1.17 


2.58 

0.212 

Nov. 

142 | 

1.07 

0.463 

0.92 

0 912 

1.16 


2.55 

0.213 

Dec 

150 

1.03 

0.484 

0 87 

0 972 

1.18 


2.54 

0.227 

Jan , 19,‘tt 

167 1 

1.04 

0.478 ; 

0.89 

0.947 

1 17 


2.50 

0.234 

Feb. 

150 ; 

1.02 

0.490 

0.89 

0.949 ■ 

1 15 


2.51 

0.236 

Mar 

147 j 

0.99 

0.50!) : 

0.89 

0.944 

in 


2.51 

0.236 

Apr 

145 

1.01 

0.500 

0 91 

0 923 , 

in 


2.50 

0 237 

May 

1S2 

0.98 

i 0.514 

0.89 

0.945 i 

1.10 i 


2.56 

0 214 

Jun 

90 ! 

0 96 

0 528 

0 94 

0.S98 

1.02 


2.03 

0 199 

Jul 

: 11C 

0.97 

0.518 

0.90 

■ 0 954 

1.08 


1 2.77 

0 182 

Aug 

1S8 1 

1.03 

1 0.480 , 

0 92 

0.913 , 

1 12 


1 2.63 

! 0.194 

Sept. 

148 

1.08 

1 0 454 

0.92 

0.913 

1.17 


| 2.74 

0.167 



O Weight-length relation 
^ Height-length relation 


Depth-height i elation 
Temperature 


30 SI 


99 

28 

27 

20 ' 

25 
CJ 

c 24 * 


20 


15 


10 


g ' 

<L> 

CU 

s 

& 


Deph-length relation 
Salinity 


Fig. 3. Curves to show seasonal variation of constant h (Table 2% and of 
temperature and salinity (Table 3). 
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smaller than that of length from March to July, and during this period, 
the ratio between their rates descended gradually and began to ascend 
rapidly from July to September. In the period from August to February, 
the rate of depth was larger than that of length, and, within tins period, 
the ratio lowered gradually from September to hebruary. 

From the point of view that the increase of depth depends originally 
upon the concentric increment along the shell edge, which is to grow 
usually in the direction of length and of height, the low relative growth 
rate of depth to length in July and the sudden rise until September may 
perhaps suggest an alteration in the angle formed by the shell edge and 
the plane of the meeting of the edges. 

Thiel (1926) observed such an alteration of the angle in Sphaerium 
corneum according to the difference m the degree of increment in the 
height or m the depth of the shells from different localities having different 
environmental conditions as, for instance, the difference m the oxygen 
content in the medium. 

The height and length of the bivalves show generally a similar relation 
to the depth. In order to simplify the matter and to compare with Thiel’s 
observation, the curve of monthly change, which expresses the depth-height 
relation, is also shown in Fig. 3 together with other curves, the depth- 
height relation being derived from the height-length and the depth-length 
relations. Thus the depth-height relation reveals a tendency to change 
similar to that of the depth-length relation. 

In both the depth-length and the depth-height relations the changes 
in the value of b may be divided into two parts, viz one, the period from 
February to August, during which the value is relatively lower, and the 
other, the period from August to February, during which the value is 
relatively higher. For convenience, let us call the former the spring-summer 
period , and the latter the anturrm-winter period . In the spring-summer 
period, the increment along the shell edge is elongated comparatively 
towards the outward direction, and m the autumn-winter period com¬ 
paratively towards the inward direction, relatively to the plane where 
both valves meet each other. In other words, in the spring-summer period 
the shell grows larger antero-posteriorly and dorso-ventrally, this resulting 
in the comparatively lower value of 6, and in the autumn-winter period 
the shell becomes larger dextro-sinistrally, this resulting in the comparatively 
higher value of b. This dextro-sinistral thickening may probably be taken 
as the development in bulk or the fattening of the shell. 

When the asymmetrical angular change, which is caused by an asym- 
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metrical addition of shell material, occurs on the valves of the shell it 
may give rise to a sort of asymmetrical growth as m the case of San- 
guinolaria olivacea Jay. Nomura (1933) has shown that this asymmetry 
is revealed by the difference in b. That is to say that m those bivalves 
larger than 6 3 mm. m length, the left valve tends to have larger growth 
rate than the right valve, and hence the depth of the left valve becomes 
deeper than that of the right in order to make a close contact of the 
edges of both valves with each other. This kind of asymmetrical growth 
may be caused by the change of internal factors rather than that of 
environmental conditions. 

The breeding ion of Meretrix meretrix lasts from May to September 
in Kankawa. y wording to Naito, mature eggs and sperm are found in 
May. Tb'-' pawning begins at the end of June, and is most vigorous 
during July, and then becomes less vigorous at the beginning of August. 
After this, even, specimens which contain mature germ cells may be founds 
but the spawning becomes very scant, and in the middle of August it is 
over. In the beginning of September, specimens which contain germ 
cells are again found, but these germ cells do not mature. The tempera¬ 
ture of sea water ranges roughly from 23°C. to 27°C. in the most vigorous 
period of spawning. The spawning period of the present species may thus 
be included in the latest part of the spring-summer period, and it may 
be supposed that a certain relation should exist between the spawning 
period and the rhythmic growth of the shell, but this relation can hardly 
be definitely stated at present because of the scanty data. 

PROBABLE RELATION BETWEEN TEMPERATURE AND 
THE RATIO OF RELATIVE GROWTH RATE 

Crozier (1926) has shown that the velocity of growth, taken as the 
reciprocal of time required to attain a given size or stage of development* 
is in accordance with Arrhenius’ equation in connexion with temperature. 

It is evident that the relative growth rate of Meretrix meretrix is 
greater in the higher temperature of summer (Table 3), as shown in 
Fig. 4. In general, the relative growth rate of the second growth cycle 
is higher in each dimension than that of the third cycle, even in the 
same temperature. This fact may be considered to be the effect of age. 
Furthermore, the relative growth rate in the ascending temperature is 
higher than that in the descending temperature. Thus, we may consider 
it as due not only to the effect of the difference in the time of the same 
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Table 3. 



Kankawa, Tibn 

Kusatu, llnostma 

Month 

Average 

Average 

Average 

Average 


Temperature 

Sal in it v 

T< mpeiatuie 

Salinity 

Upper part 

6.90 

29. 18 



Jan Middle part 

5.95 

80.85 

10 68 

81.86 

Latter pait 

5.00 

82.68 



Upper part 

4.70 

81.91 



Feb. Middle part 

5.90 

82.80 

9.50 

81.21 

Latter part 

5.15 

82 88 






an, 


Upper part 

6.45 

80.79 

r 


Mai Middle par t 

8.50 

80 01 

10 77 

81.28 

Latter pait 

10.10 

28 06 


Xil - 

Upper part 

L-J 

81.88 



Apr. Middle part 

i;; no 

81.88 

11.05 

29.78 

Latter pait 

15.57 

28.87 



Upper patt 

16.98 

28.58 



May Middle part 

17.43 

28.99 

17 67 

28 62 

Latter part 

20.07 

27 11 



Upper pait 

21.10 

26 66 



Jun. Middle part 

22.70 

28 00 

21.68 

28.86 

Latter pait 

23.50 

28 95 



Upper part 

25.77 

26.87 



Jul Middle pait 

1 26.93 

! 25.50 

26.32 

28.01 

Latter part 

| 27.30 

, 26 27 

1 


Upper part 

29 13 

21 51 


I 

Aug Middle part 

2S 50 

! 25.18 

27.51 

27.97 

Latter part 

l *AQ 0*> 

1 

28.85 


1 

Upper part 

! 26.07 

22 58 

i 

1 

Sept Middle part 

i 21 60 

28 87 

25 16 

29.10 

Latter part 

1 * 22 10 

i 26.65 



Upper part 

21 00 

27.07 

I 


Oct Middle part 

19.07 

28 87 

21.92 

1 81.88 

Latter part 

! 17 08 

80.10 



Upper part 

16 67 

28.78 



Nov. Middle part 

14.70 

| 80.25 

17 21 

1 31.86 

Latter part 

; 18 10 

80.81 

; 


Upper part 

11.78 

! 81.07 

| 

i 

Dec Middle part 

| 10 40 

80 84 

18.54 

30.91 

Latter part 

7 40 

80.86 

i 

| 
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growth cycle, but also to othei seasonal vauation of limiting factors of 
growth m the environment with the exception of the temperature. 



Fig 4 Cuives showing relative idles of giowth. Relative mtes calculated fiom 
formulae of (6) on ordinate, and tempeiatuie ftom Table 3 on absu^sa Second growth 
cycle m full lines, and thud cycle m broken lines 


The curves, which express the probable relations between temperature 
and the ratio of relative growth rate, are shown in Fig. 5. 

Weight-length relation. The maximum value of the ratio b was found 
in a temperature of about 26.2°C., and the ratio tended to decrease gradually 
with the lowering temperatuie below, but it tended to decrease rapidly 
with the raising of the temperature above, 26.2X1. When the increase 
of the ratio is inhibited at a high temperature with a slight retardation 
of the relative growth rate (Fig. 4), it is natural to consider that the 
relative rate of increase in the weight of the shell may reach the maximum 
value at about 26.2°C. as the average temperature and tends to decrease 
at a higher temperature than this, 1 e. the growth in weight may be 
most active at about 26.2°C., and may be retarded at a temperature higher 
than this. Consequently, the shell may become thicker at a higher than 
at a lower temperature. 
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Height-length relation, b in this relation, roughly speaking, kept nearh 
a constant value during the year, even though a tendency to increase with 
a rise of temperature was also recognizable. 



Temperatuie m °C. 

Fig. 5 Curves expressing the relations between temperature and the 
ratio of the relative growth rate. 


Depth-length relation . In the rising temperature from February to 
August the relative growth rate of depth was comparatively lower than 
that of length, and in the falling temperature from August to February 
it was comparatively higher than that of length. 

If the points are connected in the order of the time phase, a circula¬ 
tory path may be drawn (Fig. 5). This circulatory path shows that the 
ratio of the relative growth rate of depth to that of length circulates 
with the monthly alteration of temperature, having the inflection point at 
the lowest temperature of February and at the highest temperature of 
August, and reveals evidently that there are spring-summer and autumn- 
winter periods. 
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Depth-height relation. This relation was almost similar to the depth- 
length relation. 

The above conclusions may be summarized up as follows: 

Each measurement oi the shell of Mcretrix meretrix shows, respectively, 
a different feature of growth, even it is slight. Consequently, the ratio 
b vanes with the change of season or the time phase, and it may be 
supposed that the relative growth rate of each measurement is different, 
even in the same temperature of the two periods of growth. 

Weymouth, McMillin and Rich (1931) have observed that the initial 
rate of relative growth per year m the razor clam, Sihqua patula , is 
greater m a lower "latitude than m a higher along the Pacific coast of 
North Americ.? v com Chiguik Bay, Alaska, to Pismo, California, and that 
the rate ir^ne second year is greater m the north. In theii research, 
the growth curve 

L=R(T"~ /l/ 

has been used, m which L is the length at the time t , e the base of 
natural logarithms, and B , c and k the constants. This also suggests 
that the relative growth rate is related to temperature in some way 

The relation between temperature and the local vaiiation in Meretrix 
meretrix has been investigated hy Hamai (1934), and it is reported that 
the species was well grown especially at about 17.6"C. in annual average 
of temperature. 

Orton (1928) has studied the periodicity of growth. According to 
him, the growth period of Ostrea edulis occurs twice a year. One period 
begins in spring from April to May, when the temperature of the sea 
water is 50°~52T., but the growth ceases before the breeding season, which 
begins when the temperature rises above 60°F in summer. The other 
period of growth begins when temperature falls below 60'--57T\ Further¬ 
more, the growth of the gonad occurs in the spring growing period, and 
the fattening, i. e. the accumulation of reserve food products, ma.nly in 
the form of glycogen, occurs in the autumn growing period. In the 
present case of Meretrix meretrix , the gonad growing and spawning also 
appear in the spring-summer period, and the fattening in the autumn- 
winter period. 


PROBABLE RELATION WITH SALINITY 
In Kankavva, salinity is lower in July, August and September, and in 
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these months the relative growth rate is higher. In Kusatu, salinity is 
the lowest in July, and m this month, the ratio of the relative growth 
rate of weight to length is the highest and that of depth to length is 
low. It may theiefore be supposed that salinity affects growth m some 
way. Orton (1925, ’28) is of opinion that the shell growth of (htrca 
edulis is clue to, or favoured by, lower salinity 

SUMMARY 

1) A study has been carried out of the monthly collections of Meretnx 
meretnx m order to determine the true nature of Hs growth. 

2) In the formula, y=cu? 9 the constant b is the . alio between two 
conditional growth constants or between two relative growth rates, at the 
same time phase on each cycle of growth. 

3) The natural growth of Meretnx meretrix can be expressed by the 
so-called logistic curve of Robertson 

4) The constant b shows also seasonal variations, which can be divided 
into two parts, viz. in Meretrix meretnx , the spring-summer period from 
February to August and the autumn-winter period from August to Feb¬ 
ruary. 

5) The relative growth rates and their ratios in depth, height, length 
and weight are different even in the same temperature of the two periods. 

6) The ratio of the relative rates of growth between weight and length 
showed the maximum value to exist at a temperature of about 26.2°C. 

7) b in the depth-length and the depth-height relations makes a cir¬ 
culatory path with the monthly variations of temperature, having two 
inflection points, one in the lowest temperature of February and the other 
in the highest temperature of August. 

8) The growth angle at the shell edge alters so as to he narrower 
from February to August and wider from August, to February. 
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TABLES AS THE BASES OF CALCULATION 




Table 4. October i l, 

1932 


Length * 

Depth 

Height 

Weij-hl ! 

1 ,ongth 

Depth 

Height 

in cm i 

m cm. 

in cm. 

m gm 

m ( m 

m (in. 

in cm. 

2.27 1 

1.10 

1.90 

1.5 

8.80 

1.78 

2.87 

2.29 

1.10 

2.00 

1.9 

8.88 

1 71 

2.79 

2.40 i 

1.19 

2.07 

2.0 

8.40 

1.80 

2 87 

2.41 | 

1.13 

1.98 

1.0 

8.18 

1.74 

2.76 

2.48 1 

1.23 

2.17 

2.1 

3. 18 

1.70 

2 87 

2.62 ! 

1,20 

2.20 

2 1 

8.43 

1.69 

o tS o 

2.67 1 

1.89 

2 30 

2.0 

8. 18 

1 76 

2 95 

2.74 

1.31 

2.30 

2.7 

8. 15 

l.V 

2.80 

2.74 

1.38 

2 29 

2.8 

8 15 

1 7v 

2.91 

2.75 

1.35 

2.25 

2.5 

3.47 

1 81 

2 92 

2.80 

1.45 

2 45 

3.8 

8.48 

1.69 

2,88 

2.84 

1 47 

2.50 

4.1 

8.18 

1.62 

2.8/ 

2.86 

1.41 

2.11 

2.7 

5* 49 

1.75 

2.78 

2.90 

1.41 

2.54 

3 0 

8.49 

1.75 

2 98 

2.90 

1.46 

2.46 

3.4 

3.50 

1.70 

2.84 

2.91 

1.43 

2 45 

3.1 

8.51 

1.81 

2 94 

2 92 

1.40 

2 59 

3 2 

8 51 

1.85 

2.88 

2.95 

1.48 

2.48 

8.0 

8.52 

1.78 

2.90 

3.00 

1.46 

2.50 

3 7 

3 58 

1.74 

2.89 

3.00 

1.50 

2 51 

3 0 

8 53 

3 71 

2.99 

3.00 

1.41 

2.58 

3.3 

3.53 

1 98 

2.86 

3 06 

1.51 

2.64 

8 8 

3.5 1 

1.77 

2.91 

3.08 

1.61 

2 56 

3.8 

3.55 

1.79 

2.79 

3.10 

1.54 

2.61 

4 0 

8.57 

1.78 

8.00 

3.10 I 

1.62 

2.62 

4.4 

8 59 

1.89 

2.92 

3.10 ! 

1.50 

2.50 

3 8 

8.00 

1.81 

2.95 

3.10 [ 

1.61 

2.68 

8.9 

8.60 

1.74 

8 01 

3.11 ; 

1.54 

I 2.63 

4.2 

3 62 

1.88 

2.86 

3.11 ! 

1.53 

! 2.67 

3.8 

8.62 

1.76 

8 03 

3.13 ( 

1 17 

2 67 

4.2 

8.02 

1.78 

8.05 

8.14 | 

1.61 

2 50 

4.4 

3.08 

1.84 

8.08 

8.15 , 

1 55 

2 67 

4 8 ■ 

8 08 

1.93 

8.07 

8 18 j 

1.61 

2.67 

1.1 

8 04 

1.87 

2 1)7 

3.18 ! 

1 55 1 

2.70 i 

4.3 ; 

3.04 

1.85 

2.98 

3 19 ! 

1.57 ! 

2.60 ! 

4 8 

8.65 

1.78 

2.98 

3.21 ; 

1.65 1 

2.75 

5.0 

8.65 

1,76 

8.00 

8.23 1 

1.55 

2.70 i 

4,0 

8.60 

1.91 

8 08 

8.24 

1.59 

2 81 j 

4.8 

8.67 

1 78 

8.00 

8.25 

1.60 

2.70 i 

4.0 

8.70 

1.85 

8 00 

8.29 , 

1.68 ! 

2.84 j 

4.0 

8.70 

1.80 

8.11 

3.29 ! 

i.73 ; 

2 SO i 

5.8 

8 70 

1.88 

8.11 

8.30 ' 

M 4 1 

2.75 ; 

4.3 

8.70 

1,90 

8.19 

8.30 

1.67 i 

2.74 i 

5.1 

8.78 i 

1.90 

8.02 

»>. t>l i 

1.66 1 

2.75 | 

4.3 

3.78 

1.88 

8.18 

3.31 

1 58 ; 

2.74 j 

4.9 

3 78 

1 97 

8.12 

3.31 , 

1.74 i 

2.88 ' 

5 5 

3.78 

1.98 

8.15 

3.32 | 

1.69 | 

2.88 ! 

5.1 

3.74 

1 76 

8.06 

3.33 ' 

1 65 1 

2.73 . 

4.7 

3 75 

1 84 

3.03 

3.34 

1.66 : 

2.84 | 

5 0 

3.76 

1.91 

8.13 

3.84 J 

1.70 i 

2.77 

4 S 

3.77 

1.98 

2.97 

8.34 j 

1.65 

2.7S ; 

5.0 

3.79 

1.85 

3 18 

3 36 ; 

1.71 1 

2.80 I 

4.8 

3.81 1 

1.93 

8.05 

3.36 | 

1.62 | 

2.79 i 

3 9 

3 81 i 

1 87 

8.10 

8.86 , 

1.70 i 

2.71 i 

4.5 

3.81 1 

1.95 

8.16 


J WVi^bt 
in 

5.0 

4.5 

K »> 


5.5 

5.1 

5.0 

5.1 

5.8 

4.4 

5.1 
5.0 
4.0 

5.8 

1.7 
00 
0.5 
5 , 8 

1.9 
5 8 
0.0 

5.8 

5.2 

6.2 

5.2 

5.8 

5.9 
5 0 
5.1 
5.9 

5.5 
0.8 
0.0 
0.2 

5.8 

5.9 

5 8 
1.8 
0.4 
0.8 
0.7 
0.7 
5.8 
0.8 
0 1 
6.7 

6 2 

0.8 

7.3 
0 4 
6.0 
0.1 
0.8 

7.5 
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.5.82 

1.90 

8.15 

7 0 

4.15 

2.OS 

;» *>0 

8.0 

8.88 

1.95 

8.21 

7 7 i 

4.19 

2 11 

3.89 

9.3 

:5„S4 

1 94 

8.80 

7 5 ' 

4.20 

2 06 

3 44 

9 4 

8 85 

1 96 

8 40 

8 1 

4.20 

2.16 

8.45 

8 0 

8.86 

1.98 

OO 
t> jJtP 

7.4 : 

1 22 

2.14 

8.50 

8.8 

8 87 

1.96 

3.26 

6 6 ! 

4 80 

2 23 

8 56 

10.3 

8 87 

1.96 

8.85 

9 1 

4.38 

2.10 

8 45 

9.2 

8 87 

1.95 

3.29 

7 5 

4.83 

2.13 

3 55 

9.0 

3.S9 

2 02 

8 21 

6.8 | 

1.38 

2 28 

3 eo 

S.7 

8.89 

1 98 

8 22 

7.0 , 

4.40 

2.35 

3 64 

8.9 

8.92 

1.98 

8.15 

6 8 

4.42 

2 18 

8.70 

9 7 

8.92 

2.04 

o oo 

O jyt> 

6 7 ; 

1 4 43 

2.32 

8 42 

9.8 

8.93 

1.97 

8 16 

7 9 i 

4.48 

2.20 

8 60 : 

8.9 

4 00 

2.08 

8 21 

6.9 

4.56 

2. 12 

8.60 

9.4 

4.00 | 

1 98 1 

8 20 

6 3 | 

4 60 

2 37 

8.72 ; 

10.2 

4 00 

2 14 

3.17 

7 7 ' 

4.61 

2 33 

8 67 , 

11.1 

4 08 1 

2.OS 

.>38 

6 S ! 

! 1 61 

0 00 

8 78 i 

9.8 

4.12 

2.09 

D 89 

9.i : 

i 1 73 

2*52 

8 74 

13.1 

4 18 

2.04, „ 

S 3 86 

8 5 ! 

1 4.78 

2 50 

8.98 

, 12 2 

4 15 

*> C 

8 49 

87 | 

! 





Table 5. November 14, 1932. 


Length 

Depth 

Height 

Weight 

Length 

Depth 

Height 

Weight 

m cm 

in cm. 

in cm 

in gm 

in cm 

in cm 

m cm 

in gm 

2.44 

1 22 

2.10 

1 9 

8 IS 

1 60 

2.52 

4 0 

2 50 

1.29 

2.12 

2 5 

! 3.19 

1 65 

2.58 

4 0 

2.72 

1.89 

2.*26 

2.5 

! 3 20 

1.68 

2.63 

8 8 

2 80 

1.39 

2.85 

2.7 

, 3 21 

1 52 

2 66 

4 2 

2.SO 

1.43 

2.45 

3.0 

' *> 00 

1 60 

2 62 

4 4 

2.82 

1.29 

2.39 

2.9 

i 3* 23 

1.66 

2.69 

3 7 

2.90 

1.40 

2.48 

3.7 

' 8.24 

1 63 

2 63 

4.2 

2 92 

1.53 

2.42 

3.4 

, 3 24 

1.64 

2.69 

4.2 

2.93 

1.45 

2.37 

3.1 

8.24 

1.65 

2.58 

4 1 

2.95 

1.36 

2 46 

8.0 

8 24 

1.71 

2.66 

4 9 

2.95 

1.50 

2 46 

8.1 

8.25 

1.65 

2.66 

8 8 

2.97 

1 41 

2.50 

8.2 

3.26 

1.66 

2 62 

3.8 

2.97 

1.46 

2 51 

8.1 

' 8.27 

1.61 

2 73 

4.1 

2.97 

1.30 

2.54 

3 7 

8.27 

1.65 

2.70 

4.8 

2.98 

1.47 

2.51 

3 5 

3 30 

1.58 

2.79 

5 0 

2.98 

1.50 

2.58 

: 3.2 

O O0 
«> .OJJ 

1 1.62 

; 2.81 

4 6 

8.00 j 

1.50 

2.51 

1 8 7 

8 32 

1.63 

2.79 

3 9 

3.00 | 

1.51 

2.58 

8.6 

3.32 

j 1 82 

2.76 

5.0 

3.00 i 

1.53 

2.47 

3.8 

i 3.33 

: 1.62 

2.73 

4.9 

3.02 

1.45 

2.50 

8.8 

! 3.33 

1 1.74 

2.88 

4.7 

8.02 j 

1.59 

2.51 

8 8 

i 3.36 

! 1.66 

2.88 

4 4 

3.05 

1.54 

2.49 

4.0 

o o/» 
f > * *JO 

1.70 

2 77 

4.7 

3 07 

1.52 

2 64 

3 9 

8.37 

1.70 : 

| 2.80 I 

4.0 

3.07 

1.56 

2.59 

4.3 

, 3 37 

1.78 

! 2.82 : 

4.5 

3.08 

1.45 

2.56 

3.7 

! 3.39 

1.76 

i 2.81 i 

4.9 

8.08 

1.60 

2.56 

4.2 

1, 3.39 

1.77 

2 81 

4.9 

3.09 

1.56 

2.55 

8 9 

1: 3.40 

1.65 

2.79 

4.5 

3.10 j 

1.48 | 

2.50 

3.4 

; 3.40 

1.70 

2.8i ; 

5.3 

3.12 j 

1.61 

2.55 

3.9 

3.42 

1.71 

2.S3 , 

4.4 

3.14 

L57 

2.65 

4.6 

1 3.43 

1.69 

2.82 * 

4 7 

3.16 

1.68 

2.62 

4.4 

3.43 

1.70 j 

2.87 | 

4 7 

3.17 

1.59 

2.66 

4.5 

3.43 

i.7i ; 

2.81 

5.S 

8.17 

1.64 

2.58 

3.4 

i i 

| 3.43 

1.74 | 

2.82 ; 

5 6 
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.',’.47 

1.71 

2 83 

5.1 

3.73 

1.88 


5.20 

6.5 

3 . 4 S 

1.69 

2.84 

4.8 

3.73 

1.91 


>.06 

6 6 

3 48 

1.71 

2.94 

4.8 

3.74 

1.89 


5-01 

5.6 

3 . 4 S 

1.75 

2.90 

5.6 

3.74 

1.90 


5.20 

6.2 

.5 4 S 

1 .S 1 

2 86 

1.9 

3.75 

1 88 


; 18 

5 8 

.4 49 

1.79 

2.82 

5 5 

3.78 

1.91 


>.00 

0 6 

4 50 

1.79 

2 90 

1.9 

3 78 

1 98 


; 2 i 

7 6 

3.51 

2 73 

2.81 

4.5 

3.80 

1 95 


5.23 

0 0 

3 51 

1.73 

2 90 

4.8 

3 85 

1.87 


> 22 

6.5 

.1 53 

1.86 

2 95 

6.0 

3 86 

1 .91 


5.10 

6.3 

3 . 56 

1 82 

2.90 

5.4 

3 86 

2.03 


>.30 

6.8 

3 56 

1.93 

2.84 

5 5 

3 87 

1 92 


5.15 

5.7 

3 57 

1 S 3 

3.00 

5.3 

3.88 

2.00 


5.15 

8.1 

3 5 S 

1.81 

2.92 

5.8 

3 91 

2.08 


5 19 

7.7 

3 59 

1.75 

2 92 

5.0 

3.92 

1.98 


5.25 

7.0 

3.59 

1.78 

2 89 

5.0 

3 94 

1 98 


5.20 

7.1 

3 59 

1.82 

2.98 

5.3 

3.95 



5 21 

5.4 

3 60 

1 78 

2 95 

5.9 

3.96 

1 98 - 


5 30 

6.8 

3 60 

1.80 

2 97 

4.8 

3.96 

2.04 


5.14 

7.0 

3 60 

1.82 

2 93 

5.8 

1 3.96 

1.91 


; ,24 

6 6 

3 60 

1 87 

2 89 

5.5 

; 3.97 

2.11 


5 3 iL 

1 7.2 

3 61 

1.78 

2.95 

5 4 

1 3.98 

2.03 


5.25 

1 7.5 

3 6 i ; 

1.84 

3 02 

5.7 

i 4 00 

2 03 


> 04) I 

> • 

7.1 

3.62 

1.74 

2.90 

5.1 

4 03 

2 03 


> «>*» 

7 5 

3.63 

1.85 

3.(0 

5.9 

|| 4 05 

' 2.12 


> 

7 6 

3 63 

1.85 

3.04 

5 7 

4.06 

2.11 


5.17 

7 .y 

3 64 

1 81 

2 98 

5.6 

II 4 12 

2.12 


5.20 

7.9 1 

3.64 

1.86 

3.07 

6 0 

4.12 

2.13 


5.35 

8 8 , 

3 * 64 

i 1.90 

2 94 

5.4 

ii 4.15 

2 08 


5.53 

8.1 

3 64 

1.92 

3.00 

6 1 

1 4.16 

2.25 


5.17 

7.2 

3.65 

| 1.80 

3.11 

6.2 

!, 4.17 

2.14 


5.43 

8.7 

3 67 

| 1 84 

3 01 

6.5 

4 20 

2 25 


5.38 

9.2 

3.67 

! 1.90 

3.12 

6 4 

4.22 

2.20 


5.43 

8.0 

3 67 

1.83 

3.00 

5.1 

4.23 

2.10 


5.35 

7.5 

3 68 

i 1 .S 3 

3.08 

6 0 

! 4 26 

2.07 


5.49 

7.8 

3 69 

| 1.83 

3.10 

5.6 

4.36 

2.26 


5.46 

IP .7 

3.69 

1.92 

3.05 

6.3 

4 41 

2 22 


5 71 

9.7 

3.71 

| 1.87 

3 03 

66 

4.45 

2.31 


5 53 

10.1 


Table 6. December 14, 1932. 


Length 

Depth 

Height 

Weight 

Length 

Depth 

Height 

Weight 

in cm 

m cm. 

m cm 

m gm. 

in cm. 

in cm 

in cm 

m gm. 

2.37 

1.19 

2 06 

2.0 

2.71 

1.40 

o •»>> 

*4»»>*J 

2.7 

2 37 

1.22 

2,08 

2.2 

2.72 

1.31 

2.41 

2.9 

2 41 

1.19 

2.06 

2.1 

2.72 

1.39 

2 30 

2.9 

2.42 

1.17 

2.05 

1.9 

2.74 

1.41 

2.37 

3.0 

2.42 

1.20 

2.06 

2.5 

2.75 

1.37 

2.35 

2.7 

2.54 

1.28 

2.13 

2.2 

2.80 

1 31 

2.36 

2.9 

2 59 

1.26 

2.16 

2.2 

2.80 

1.34 

2.35 

2.6 

2 59 

1 30 

2 29 

2^6 

2.80 

1.40 

2.38 

2.7 

2.61 

1.32 

2.20 

2 5 j 

2.80 

1.41 

2.45 

3.4 

2.61 

1.37 

2 21 

2.4 

2.80 

1.44 

2.32 

3.8 

2.65 

1.34 

2.*26 

3.0 

2.82 

1.39 

2 ’. 36 

3,3 

2.66 

1.32 

2.20 

2.1 

2.84 

1.38 

2.40 

3.7 

2.69 

! 1.31 

2.27 

2.5 

2.84 

1.38 

2.46 

3.2 

2.69 

! 1.40 

2.31 

3.4 

2.85 

1.37 

2,40 

3.4 

2 71 

! 1 34 

2.30 

26 

2.85 

1.47 

2.52 

3.8 
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Length 

D( pth 

He ight 

\1 eight 

Length 

Depth 

Height 

in cm 

in cm 

in < m 

in gm 

in cm 

in cm 

in cm 

2 SG 

1 41 

2.40 

8 2 

3.87 

1 75 

2.81 

2 86 

1 41 

2.41 

2.9 

8 88 

1 65 

2 87 

2 SG 

1 41 

2 47 

8.6 

8.89 

1 74 

2.83 

2 87 

1 87 

2 86 

8 8 

8.40 

1.70 

2 78 

2.88 

1 86 

2 40 

3 0 

3 10 

1 70 

2 81 

2.90 

1 40 

2.42 

3.6 

3.40 

1.83 

2.95 

2 92 

1 42 

2.18 

3.4 

‘t 41 

1 66 

2 88 

2 98 

1 41 

2 48 

3 0 

8 41 

1 70 

2.83 

2 94 

1 45 

2 46 

2.8 

8 48 

1 74 

2 90 

2 98 

1 52 

2 61 

4.5 

3 44 

1 64 

2.90 

2 98 

1.59 

2.58 

4 0 

8.47 

1 76 

2 86 

8.00 

I 48 

2 50 

4.1 

3.48 

1 77 

2 81 

8 00 

1 50 

2 48 

8 3 

8.4S 

1 80 

2 90 

8.01 

1 47 

?51 

8.6 

3 50 

1.80 

2 84 

3.02 

1 52 

X 2 55 

4 1 

8.58 

1 70 

2 95 

8 08 

1 51 ^1 

2 54 

*> o 
«> 

8 53 

1 86 

8 11 

8.08 

1 jjtf 

2 0)0 

4.2 

8.59 

1 90 

8 01 

8 04 

,^r 50 

2 52 

8 6 

8 59 

1 91 

2 99 

3 05 

‘ 1*17 

2.53 

8.2 

8 60 

1 82 

3 00 

8 07 

1 52 

2.58 

4.6 

3 64 

1.92 

2 97 

8 07 

1 57 

2 59 

4 8 

3 65 

1 86 

2 96 

8 08 

1 52 

2 59 

4 1 

8 68 

1.88 

2 92 

8 09 

1 52 

2 61 

3 8 

8 68 

1 86 

8 11 

8 09 

1 55 

2.51 

3 8 

8.69 

1 92 

3 06 

8 10 

1.55 

2 63 

4 4 

8 70 

1.90 

2 $*■» 

8 10 

1.58 

2.61 

8.8 

8 70 

1 98 

3 00 

3.11 

1.57 

2.59 

4 1 

8.73 

1 78 

2 9S 

8 18 

1 50 

2 58 

4.3 

8.73 

1 93 

3.09 

8 18 

1 59 

2.47 

3 7 

8.76 ! 

1 S7 

3 03 

8.16 

1 51 

2.61 

8 6 

8 76 

1 1.94 

3.13 

8.10 

1 65 

2 59 

4 6 

8 77 

1 87 

3.10 

8.19 

I.5S 

2.70 

4.3 

3 77 

! 1 95 

3 15 

8.19 

1.60 

| 2 68 

1 0 

| 8.78 

2 02 

3 00 

3 20 

1 55 

2 68 

4 6 

8 SO 

1 84 

3.07 | 

8 20 

1.60 

2 67 

3.9 

! 3 81 

! 1 94 

3 12 

8 20 

1 00 

2.64 

5 0 

1 8.82 

1.94 

3.16 

8.21 

1.57 

2 73 

3.8 

8.86 

1.96 

8 00 

8.21 | 

1.59 

2.68 

4.6 

8.87 

1.97 

3.11 

3 28 

1 58 i 

2.72 

5 1 

3.87 

1 97 

8.21 

8 28 

1 68 

2 64 

4 5 

8 88 

2 00 

8*22 

3 28 

1.0)8 

2 78 

4 6 

3.96 

1 98 

3 27 

3! 24 

1 67 

| 2.74 

4 7 

8.96 

2 03 

8 20 

8 26 

1 0)0 

i 2 67 

3 9 

1 3 96 

2 08 

8.27 

8.26 

1.68 

, 2 03 

4.1 

| 8.97 

2.04 

8 19 

8.26 

1 65 

1 2 80 

5 2 

1 4.02 

1.93 

8.30 

3.27 

1.58 

i 2 75 

! 4.2 

1 4.03 

1.92 

3.17 

3.29 

1.56 

i * 75 

5.1 

j 4.09 

2 OS 

8 27 

3.29 

1.60 

I 2 73 

4 6 

! 4.10 

2 07 

8.23 

8.29 

1 76 

| 2.82 

i 5.0 

: 4 14 

2 10 

3 36 

3.*30 

1 75 

I 2.75 

5.1 

! 4.16 

2.18 

3.51 

3.82 

1 56 

! 2.75 

4.9 

4.17 

2.10 

3.29 

3 32 

1 68 

2.76 

4.9 

4.IS 

2.08 

3.48 

8.33 

1.05 

2 76 

4 6 

4 18 

2.13 

3.49 

3.33 

1 69 

2 73 

4.8 

4.20 

! 2.06 

3.48 

3.34 

1.71 

2.87 

4 8 

4.24 ! 

2.16 

8.39 

8.34 

1.74 

2.86 

I 6.6 

4.25 : 

1.98 

3.33 

8.35 

1 (55 

2 81 

! 4 6 

1 4.28 | 

2.15 

1 3.41 

3.85 

1.73 

2.83 

5.5 

4.31 1 

2 10 

3.54 

3.85 

1.76 

2 90 

5.S 

4 40 

2.13 

3.55 


Weight 
in "m. 

4 2 

5 1 

6 1 
4.S 

4 7 

5.9 

5 G 

5 3 
5.2 

6 1 
4 9 

4 9 

5 7 
5.8 

5 0 
G 7 
7 6 

6 ;i 
6 
6. 

6 

5. 

6 . 

6 . 

6 
5. 


i . 
6. 

e> 

5. 
7. 
G 

0. 

7. 

6. 

6 

8 


6.8 

5.4 

7 4 

5.1 

8.9 

8.1 

8.9 

8.8 

9.4 
7.6 

8.5 

8.6 

S.3 

10.2 


M O CUO «D H H t' lO to 1.0 M ill Cfi 5D OD H (II (O SO 30 b 
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4.40 

2.28 

8.50 

10 0 1 

4.6)7 

2.48 

r ,2 

10 8 

4.54 

2.25 

3.62 

9.6 

4.71 

2.88 

8.81 

14 0 

4.57 

2.29 

3.55 

9.3 

4.90 

2.45 

8.86 

12 7 

4.60 

2.88 

1 8.70 

10.8 

5.02 

2.47 

8 91 

12.8 

4.6.0 

4.68 

2 .*>o 
2.44 

i 3.58 

1 3.76 

! 

10.1 

12.7 

5.07 

2.65 

8 87 

1 1.6 


Table 7. January LI, 1933. 


Length 

Depth 

Height 

Weight 

Length 

Depth 

Height 

Weight 

in cm. 

m cm 

m cm 

m gm 

in cm. 

m < m 

in cm 

m gm 

2.42 

1.20 

2 13 

2.1 

3.10 

J 49 

2.51 

8 ° 

2.58 

1.81 

2.18 

2.5 

3 10 


2.56 

1.0 

2 60 

1.30 

2 17 

2.4 

3.11 

1.48 s * v 

2 50 

4.1 

2.60 

1 31 

2.30 

2.8 

3.11 

1 58 

2.65 

8.6 

2.61 

1 30 

2.21 

3 . 2 

8.11 

l.n:; 

88)6 

4.2 

2.62 

! 1 36 

2.17 

2.4 

3.11 

1.55 

2 . OrN 

8.9 

2.68 

1 1.31 

2.26 

o »> 

8.11 

i.eo 

2 60 ' 

4.8 

2.64 

! 1.35 

2.20 

2.S 

8.11 

1.60 

2 61 

4.3 

2.65 

1.22 

2 29 


8.12 

1.46 

2.65 

I 5 

2.70 

! 1.37 

2 31 

2.6 

3.12 

1 52 

2.52 

,< 0 

2.73 

1 1 40 

2.27 

3.0 

M2 

1.58 

2.50 

8 ./• 

2.74 

1 1 41 

2.33 

8.6 

3.12 

1 58 

2.56 

1.5 ’ 

2.75 

; 1.34 

2.24 

8.2 

8 13 

1.56 

2 70 

4.1 1 

2 77 

1.37 

2.36 

8 0 

3.14 

1.55 

2.58 

8.1 

2.77 

1.40 

2.30 

3.2 

3.15 

^ .(52 

2.57 

8.9 

2 77 

| 1.45 

2.39 

3.2 

3.17 

1.53 

2 61 

1.1 

2.83 

1.40 

2.35 

8.4 

3.20 

1.58 

2.68 

8.7 

2.SB 

, 1.34 

2.44 

8.1 

8.20 

1.60 

2.62 

4 6 

2.8S 

1.41 

2.40 

3.1 

8.21 

1.53 

2.66 

4.0 

2.90 

! 1.36 

2.40 

3.1 

8.23 

1.58 

2.78 

4.2 

2 91 

1 1.35 

2 47 

8.4 

*> (T)‘» 

•->. jj t> 

1.59 

2.75 

4.6 

2.91 

, 1.46 

2.48 

3.1 

3.23 

1 68 

2.66 

4 8 

2 92 

! 1 44 

! 2 16 1 

i 2.7 

3.24 

! 1.80 

2 68 

5.0 

2.92 

, 1 46 

2.44 

I 3.9 

3.25 

! 1.60 

2.81 

5.8 

2.93 

1.85 1 

2 42 

8 0 

3 26 

i 1.62 

2.67 

1 0 

2.95 

; 1.43 I 

2.44 

3 6 

8.26 

1.72 

2 79 

5.6 

2 95 

, 1.50 1 

2.46 

O *> 

*> * f) 

8.27 

! 1.65 

2.77 

5.7 

2.95 

1.58 1 

2.44 

8.9 

8.28 

1.65 

2 67 

5 1 

2 97 

: 1 45 

2 46 

3.1 

8.29 

i 1.48 

2.67 

1 2 

2.97 

' 1.46 

2. 19 

8.7 ! 

8.29 

! 1.63 

2.80 

1.5 

2 97 

1 1.50 

2 46 

3.2 ; 

1 8/29 

, 1.78 

2 81 

5 2 

2.9S 

1 1 49 

2.50 

8 . 5 , 

! 3.80 

; i 6i 

2.86 

4.4 

2 99 

, 1.55 

2.50 

8 6 ! 

| 8.80 

1 1.70 

2.76 

5.5 

3.00 

, 1.60 

2 47 

8 6 ! 

8.81 

i 1.57 

2 72 

5.1 

3.00 

; 1 61 

2.51 

4.2 | 

8.82 

1 1.70 

2.77 

5.2 

8 01 

f 1.45 

{ 2.50 

3.7 : 

8.88 

1 60 

2.72 

3 9 

3.01 

l 1 52 

I 2.54 

3.7 | 

3.35 

| 1 04 

2 84 

5.8 

8 02 

1.49 

. 2.58 

3 9 i 

3.35 

! 1.69 

2.80 

5.1 

3.03 

1.48 

1 2 55 

i 3.3 | 

3.85 

. 1.71 

2.88 

5 6 

8 03 

1.46 

! 2 55 

1 8 3 ; 

8.37 

1.78 

2.81 

5.8 

3.03 

1 34 

! 2.54 

1 8 5 ! 

3.38 

1.64 

2.81 

4.9 

3 04 

1.50 

! 2.5S 

1 4.3 1 

3 39 

1.71 

2.76 

l 8 

8 05 

1 42 

i 2 56 

! 3.4 i 

- 3.41 

1.S0 

2 83 

5.4 

3 05 

1.47 

! 2.59 

; 3 9 

1 3.42 

1.75 

; 2.88 

4.8 

3 05 

1.51 

. 2 68 

I 4 O | 

1 1 3,43 

1.85 

I 2.89 

5.7 

8 06 

1.61 

! 2.58 

\ 4.1 

: 3.44 

1 71 

2.81 

4.6 

8.07 

1 60 

: 2 60 

4 1 

! 8.45 

1 60 

l 2.77 

4.1 
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3 45 

1.74 

2 83 

5.2 

i 3.82 

1.98 

3.09 

6 2 

3.46 

1.73 

2 93 

6.5 

3.82 

2.00 

3. OS 

6 7 

3.43 

1.79 

2 97 

5 8 

! 3.83 

1.97 

3.07 

6 3 

3.49 

1 80 

2.88 

4.7 

3 So 

1.95 

3.23 

7 S 

3 50 

1 71 

2 83 

4.5 

I 3.85 

1.99 

3.17 

6.6 

3.30 

1.80 

2.91 

5.6 

3.85 

2.04 

3.30 

6 9 

3 53 

1.76 

2.91 

5.1 

1 3.88 

2.00 

3.19 

S.6 

3.52 

1.77 

2.92 

5 0 

3.88 

2.02 

3.21 

6.9 

3.53 

1 71 

2.90 

5.4 

3.88 

2.11 

3 19 

7 5 

3.53 

1 S3 

2 91 

5.3 

3 89 

1 92 

3.13 

6 2 

3.55 

1 81 

2.83 

5.3 

1 3.89 

1 94 

3.09 

7.5 

56 

1.68 

2.8.3 

4.4 

3.89 

1 91 

3 10 

6.9 

3.57 

1.78 

2.88 

o. 3 

3 90 

2.15 

3.19 

7.3 

3.5S 

1 82 

2 95 

5.7 

3.91 

1.90 

3.11 

7.0 

3 59 

1 85 

2.96 

5. i 

3.91 

1.99 

3 22 

8.1 

3.60 

1.77 

2 01 

1.7 

3.93 

2.00 

3.26 

6.6 

3.60 

1 80 


6.1 

3 93 

2.11 

3.23 

7.0 

3.61 

1 32 

.3.00 

5.1 

3.95 

2.02 

3.22 

6.8 

3 62 

1 78 „ 

' 2.87 

6.8 

3.97 

2.02 

3 34 

7.6 

3.62 


2.91 

6.0 

! 3.97 

2.03 

3.25 : 

7.7 

3.63 

1 '88 

3.01 

5.8 

i 3.99 

1 1 .S2 

3.09 

6.0 

3 65 

- 1 79 

2 93 

5.7 

1 1.05 

! 1.97 

3.15 , 

7.7 

3 65 

1 85 

2.99 

5.7 

1 4.13 

2.03 

3 25 i 

8.8 

3.65 

! 1.87 

3.05 

7.1 

1 4.15 

2.10 

3 35 ! 

S 2 

3.68 

1 76 

3.08 

5.5 

! 4.17 

2.20 

3 40 

9.1 

3.68 

1 80 

3.05 

6.7 

t* 4.19 

1 2.01 

3 36 ! 

S 1 

3.6S 

1 85 

3.09 

5.6 

| 4.20 

! 2.15 

3.40 i 

8.3 

3.69 

1 81 

3.07 

7.5 

1 4.21 

2.10 

3 26 | 

7.8 

3.69 

1.83 

2.95 

6.5 

4.29 

1 2.12 

3 50 

8.2 

3 70 

1.88 

3.11 

6.7 

! 4.32 

2.19 

3.64 , 

10.0 

3 71 

1 91 

3.10 

5.9 

! 1 *>o 

2 28 i 

i 3.47 i 

9 7 

3.72 

1,89 

3.01 

6.3 

! 4.38 

2.25 ! 

| 3 54 1 

9.1 

3.73 

1 99 

3.12 

6.9 

1 4.50 

2.29 j 

3.67 i 

10.2 

3.75 

1 91 

3.04 

6.5 

! 4 62 

2.34 

3 69 

10 1 

3.77 

1.96 

3.07 

6.8 

i 4.70 

2 35 

3.67 ! 

■too 

3.79 

1.90 

3.12 

5.S 

| 4.88 

2.35 

3 75 

11.2 

3.81 

1.88 

3.05 

7.0 






Table 8. February 14, 1933. 


Length 

Depth 

Height 

Weight i 

Length 

Depth 

Height 

Weight 

in cm 

in cm 

in «m 

in gm. | 

in cm. 

m cm 

: * 

in cm. 

in gm. 

__ 

2 68 

1 26 

2.26 

i 

2.5 i 

2.98 

1.39 

2 46 

3.3 

2 71 

1.39 

2 28 

3.0 , 

2.98 

1.48 

2.54 

8.4 

2.75 

1.41 

2.34 

3.1 | 

2.98 

1.50 

2.65 

3.5 

2.81 

1.53 

2.35 

3.2 : 

3.00 

1.47 

2.50 

3.9 

2.85 

1.42 

2.39 

3.2 , 

3.00 

1.52 

2.58 

3.1 

2 87 

1.50 

2.46 

3.9 , 

3.01 

1.51 

2.47 

3.8 

2.89 

1.41 

2.42 

3.1 

3.01 

1.51 

2.53 

3.4 

2.89 

1.43 

2.47 

i 3..8 

3.01 

! 1.56 ! 

2.50 ■ 

3.4 

2.89 

1 46 

2.51 

! 3.4 

3.03 

1 1.58 

2.63 

4.3 

2.92 

1.43 

2 38 

1 3.3 

3.04 

1.46 

2.46 : 

3.8 

2.92 

1.44 

2.50 | 

i 3.9 

3.04 

1.50 

2.51 

3.2 

2.92 

1.45 

2 39 j 

3.6 i 

3.06 

1.47 

2.60 

3.9 

2.92 

1.45 

2.45 1 

3.4 ' 

3.07 

1.58 

2 62 , 

4.3 

2.93 

1.45 

2.50 | 

3.4 * 

3.08 

1 50 

2.48 

4.0 

2.97 

1.41 

2.48 

3.6 

3.08 j 

1.61 

2.73 1 

4.7 

2.97 

1.50 

2.48 ! 

3.s :< 

3.09 

1.58 

2.63 1 

4.5 
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Length 

Depth ' 

Height 

Weight 

Length 

Depth 

Height [ 

Weight 

in tm 

in cm 

in cm 

in gm 

|, in cm. 

in cm 

in 

cm 

in gin 

.3.10 

1.50 

2.55 

3.8 

| 3.18 

1.71 

o 

.88 

5.2 

3.10 

1.55 

2.58 

4.0 

j 8.48 

1.76 

2 

96 

5 8 

3 10 

1.53 

2.60 

4 4 

8 48 

1.71 

2 

94 1 

5 8 

3.10 

1 55 

2.65 

4.4 

j 8.49 

1 SI 

2 

96 

6.1 

3 11 

1 50 

2.68 

4.2 

1 3.49 

1 66 

<-> 

88 

4.9 

3 11 

1 61 

2 58 

1.4 

' 8 19 

1.77 

o 

92 

5 2 

3.11 

1.55 

2.60 

4.8 

i 8.51 

1.91 

8 

11 

6 8 

3 12 

1 54 

2 61 

3.9 

| 8.52 

1 70 

2 

.81 

5.0 

3 12 

1.57 

2.63 

4.4 

3.52 

1.68 

o 

.85 

5.4 

3 14 

1.54 

2 65 

4 5 

1 8.58 

1 71 

2 

.90 

5.6 

3 15 

1 61 

2.61 

3.8 

I 3 53 

1 79 


.91 

5.8 

3.16 

1.60 

2 73 

4.4 

! 3 53 

1 81 

.) 

98 

(5.2 

3 16 

1.61 

2 68 

3.9 

| 8.54 

t.so 

2 

85 

5 4 

3 18 

1.55 

2.54 

3 9 

8 55 

im 

o 

.96 

5,7 

3 18 

1.66 

2.71 

4.5 

1 8 58 

1 80 

2 

.95 

6.6 

3 20 

1.52 

2.70 

3 8 

8 58 

1.78 

.> 

98 

5.5 

3.20 

1 64 

2.68 

4.8 

. 8.59 

1.88 

2 

4>7 

6 1 

3.20 

1 71 

2.69 

3 6 

8 59 

1.78 

2 

89 

5 4 

3 21 

1 1 65 

2.65 

1 6 

8 59 

1 80 

2 

.94 

5.7 

3.20 

1 55 

2 79 

5 4 

i 8.60 

1 78 

o 

.88 

5 S 

8 2o 

1 67 

2.67 

4.1 

i 8.60 

1 86 

2 

.94 

6 1 

3.26 

1.56 

2.73 

4.7 

1 8.60 

1 80 

«> 

01 

ti.ts 

3 26 

1 63 

2.SI 

5.1 

I 8 61 

1.76 

2 

.96 

5 7 

3.27 

1.68 

2.72 

5.8 

8.62 

1 74 

8 

.01 

5.5 

3 27 

1 69 

2.83 

5.6 

■ 8 62 

1.84 

g 

.07 

5 2 

8.28 

1.01 

2 73 

5.1 

3.62 

1.79 

2 

.91 

(5.2 

3.28 

1.65 

2.80 

4.7 

3.62 

1.88 

2 

.98 

6.1 

3 29 

1.75 

2 72 

5 3 

! 3.62 

1.88 

3 

.05 

6 6 

3.30 

i J 64 

2.78 

4.8 

3.62 

1.92 ! 

2 

.99 

6 5 

3.30 

1 1 6S 

i 2.67 

4.6 

1 3.63 

1.75 


.98 

5.6 

3.30 

1.70 

2.75 

4.5 

1 3.63 

1.82 ! 

*> 

«> 

08 

6.8 

3.31 

1.62 

1 2.70 

4.3 

|, 3.65 

1.83 


.91 

5.9 

8 31 

1 74 

2 73 

4.4 

]< 3.67 

1.88 

*> 

. 99 ; 

6.5 

8.32 

1 65 

2.74 

4 2 

1 3 68 

1.78 

2 

.98 

5.7 

3.32 

1 68 

2.75 

4.6 

8.68 

1.91 

8 

.00 1 

7 1 

Oft 

’ > . 

1 61 

2 80 

5.1 

,1 3 70 

1.88 

»> 

.00 

6.0 

3 88 

1 65 

2 70 

4.3 

1 3.70 

1.92 


.04 

6.4 

.> .88 

1 66 

2.88 

5.1 

1 3.70 

1.71. ! 

3 

.10 i 

5.8 

8,83 

1 75 

2.76 

4.7 

' 8.70 

1.90 i 

*> 

.07 ! 

6 (5 

8.34 

1 64 

2.78 

4.8 

3 70 

1.89 ! 

8 

.05 

6.1 

3.34 

1.66 

2 79 

4.8 

8.70 

| 1.91 

8 

00 

7.8 

3.35 

1.75 

2.78 

| 4 8 

8.72 

1 1.88 


.96 

5 8 

3.37 

1.67 

2.72 

I 4.7 

8.72 

1.85 

2 

.99 

6.8 

3.37 

1 72 

2 SO 

! 5.5 

8.72 

! 1.89 

8 

.18 

7.2 

3.88 

1 66 

2.70 

i 4.6 

8.78 

j 1,95 1 


.04 

6.5 

8.3S 

1 66 

2.71 

3.9 

3.76 

1 86 

8 

. 08 

6.1 

8.38 

1 70 

2.80 

5 2 

8.78 

1 1.85 

.10 


3 39 

1.58 

2.80 

5.5 

8 80 

1.85 

8 

.18 

67 

8.89 

1 76 

' 2.80 

5.6 

8.85 

' 1.86 


10 

(5. f5 

«>. 43 

1.60 

, 2 74 

| 4.9 

8.86 

2.00 

3 

.11 

5, .5 

3 43 

1 74 

, 2.85 

' 5 5 

3 88 

1 96 

86 

8 1 

8.44 

1.62 

2.81 

5 0 

3.89 

i 2.14 

3 

.28 

8.8 

3.44 

- 1.71 

I 2.SO 

5.3 

3.92 

f 1.95 

I 3 

.11 

6.7 

8.44 

1.70 

1 2.S7 

4.9 

3.92 

1.97 


28 

7.6 

3.45 

8.45 

1.80 

1.85 

| 2.92 

1 2.88 

5.8 

5.0 

3 98 
8.93 

2.05 

2.11 

3 

8 

oo 

!l9 

7.6 

8.6 

3.47 

1.75 

I 2.83 

5.0 

4.01 

1.92 

*» 

.18 1 

6.7 

3.47 

1.78 

1 2.92 

5.6 

4.01 

2.09 

8 

. 30 ! 

8.7 

3.47 

' 1.85 

2.90 

5.8 

4.05 

2.08 

3 

.43 

7.8 
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4.09 

2 01 

5 26 i 

6.7 

1 56 

o o^> 

Mi m -Ut> 

3 66 

i 9.6 

1 10 

2 15 

3.31 

7.8 

4.71 

2 31 

3.60 

, 9 9 

4.‘JO 

2.11 

3.30 

7 9 

1.97 

2.44 

4 10 

14 0 

1.41 

2 30 

3 66 

11 5 

, 5 05 

2.50 | 

3.99 

14 5 

4.53 

2.33 

3 68 

11 3 






Table 9. March 1-1, 1933. 


Length 

Depth 

Height 

Weight 1 

Length i 

Depth 

Height 

Weight 

in cm 

in cm 

in cm 

m gm 

m cm | 

m cm 

m cm 

m gm 

2 87 

1.47 

2.36 

3.o 

” oT i‘ 

1.73 

2.85 

5.0 

2 .8) 

1.41 

2.41 

3 3 

»» oO 

<■> . . JO i 

1.70 

2 72 

4 1 

2 90 

1.50 

2.50 

3 4 

' 0.38 | 

1.77 

2 69 

4 • 

2.97 

1.48 

2 52 

4 2 

1 8 39 . 

1.68 

2.74 

5.4 

2.98 

1.58 

2 54 

3 * 

,> 89 ' 

1.69 

2.78 

4 9 

3.00 

1.46 

2 44 

8.5 

3.39 ■ 

1 72 

2.88 

5 0 

3.05 

1.55 

2.62 

4 7 

3 39 i 

1.74 

2.72 

3.7 

3.06 

1.50 

2 52 

3.2 

; 3 39 

1 76 

2.75 

4.7 

3 06 

1.53 

2.53 

! 3 3 

1 8 40 

1.65 

2.74 

3.8 

3 06 

1 61 

2 76 

1 4 * 7 

8.40 { 

1.73 

2.83 

4.9 

3.10 

1.57 

2.56 

3 4 

3.42 | 

1 72 

2 82 

4 9 

3 11 

1.55 

2 66 

! 4.5 

3 45 i 

1 68 

2.89 

4.8 

3 12 

1 . o2 

2 64 

4.1 

3.45 I 

1 80 

2 S2 

5 8 

3 12 

1.59 

2.(»3 

3.6 

8.46 

1 69 

2 93 

5 3 

3.13 

1 48 

2 52 

, 3 8 

8.46 1 

1.74 

2.87 

5.2 

3.15 

1 60 

2 07 

4.6 

8.48 

1.06 

2 83 

4.3 

3.16 

1.60 

2.59 

4.2 

' 3.48 ' 

1 73 

2 .8S 

5 0 

3 18 

1.71 

2.73 

5.4 

, 

1 68 

, 2 79 

5.2 

3 19 

1 66 

2.51 

4 1 

■ 3 49 

1.69 

i 2.96 

4.6 

3.19 

1.65 

2.77 

5.1 

■' 8.49 

1.74 

1 2 91 

5.3 

3.19 

| 1.67 

2.65 

3.7 

3.50 

1 73 

1 2 90 

5.0 

3.21 

| 1.69 

1 2 77 

4 6 

1 8.50 

1.77 

1 2.87 

5.2 

3.22 

1 1 70 

2.69 

1 5 0 

8.51 

1.73 

2 82 

5 4 

3 23 

1 60 

i 2.61 

4.4 

j 3 51 

1.75 

1 2.84 

5.7 

3 23 

1 1.59 

i 2.70 

3.9 

i 3.51 

1.85 

1 2.96 

5.9 

3.24 

! 1.56 

2 79 

1 5 

3.53 

1.77 

! 2.84 

4 7 

3.24 

; 1.67 

; 2.67 

i 5.1 

8.53 

1 84 

2.95 

6.3 

3 26 

1 1 61 

2.65 

3.8 

8.53 

1.89 

| 2.97 

5.7 

3.26 

1.61 

2.67 

3 9 

; 3.54 

1 67 

! 2 95 

| 6.6 

3.26 

1 62 

2 61 

4.3 

, 8.54 

1 70 

2.86 

: 4.c 

8.28 

i 1.65 

2.77 

5 7 

8 .54 

1 75 

2.86 

; 4 6 

3.28 

1.65 

! 2.78 

4.8 

1 8.54 

1.76 

, 2.87 

5.3 

3.28 

; i.67 

1 2.73 

4 6 

| 8.51 

1 81 

1 3 00 

5.3 

3.29 

1.65 

2 80 

4.9 

| 8.54 

1.84 

2.96 

i 5.7 

3 29 

1.70 

2.81 

4.7 

;■ 3.57 

1.76 

2.85 

i 4 9 

3.30 

: i.64 

2.83 

4.2 

•1 3.58 

1.79 

2 89 

1 5.4 

3.30 

1.68 

2.73 

4.6 

- 8.58 

1.80 

J 2.93 

6.0 

3.30 

| 1.68 

2^76 

4.5 

\ 3 58 

1 80 

, 2.95 

5.9 

3.80 

| 1.71 

' 2.73 

4 3 

; 3 58 

, 1.80 

2.97 

1 *•* 

3 31 

1 1.59 

! 2.71 

5.0 

i 8.59 

| 1.80 

2.90 

j o 4 

3.31 

! 1.70 

i 2.72 

3.9 

: 8.00 

1 1.72 

3.01 

1 5 6 

3.33 

i 1.69 

2.81 

5.2 

; 3 60 

; i.8o 

, 2.94 

6 .7 

3.34 

1 1.68 

1 2.77 

4.8 

! 3.60 

1.81 

j 2.91 

5.8 

3.34. 

! 1.69 

! 2.74 

5.0 

: 3.6i 

1.75 

1 2.90 

5.2 

3.35 

i 1.65 

: 2.70 

4.3 

1 3 61 

1.77 

! 3.00 

5.1 

3.35 

| 1.67 

2.67 

4.9 

! 3 62 

1.77 

2.96 

, 5 6 

3.36 

! 1.68 

2.72 

4.9 

|i 3.62 

1.90 

1 3.07 

! 7.x 

3.37 

! 1.67 

2.77 

4.7 

| 3.62 

■ 1.77 

2.90 

! 5.0 
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fl 63 

1.77 

a . no 

5.4 

8 83 

1.97 

8 00 

0 8 

8 03 

1.71 

2.99 

5.4 1 

3.85 

1.86 

8.05 

0 0 

;>\08 

1.78 

2.91 

5.8 1 

3.85 

1 97 

3.28 

7 8 

3 03 

1.80 

2 70 

5 0 

3 85 

1.91 

8.09 

0.5 

3 05 

1.84 

2.97 

5 7 ' 

3.80 

2.03 

8.22 

7,8 

33)7 

1.85 

3.01 

5.8 

3.87 

1.83 

8 07 

0 2 

3 0)3 

1.70 

2 92 

5.0 

3 90 

1.90 

8.11 

0.7 

3 08 

1.70 

2.93 

5.4 

.‘5 90 

1.95 

8.19 

7.0 

3.70 

1.80 

3.03 

0.1 i 

3.90 

1.97 

8.09 

0 9 

3 70 

1.87 

2.99 

0.3 1 

3.91 

1.91 

8.28 

7.0 

3 70 

1.91 

2.97 

5.3 ! 

3 92 

1.90 

3.25 

6 0 

3.70 

1.95 

3.01 

0.8 ' 

3 94 

1.92 

o Of 
«>. jj JL 

0.8 

3.71 

1.90 

3.08 

0.2 

4 01 

2.04 

3.28 

8.1 

3.73 

1.83 1 

3.02 

0.1 | 

! 1.02 

1.91 

3.25 

0.7 

3 73 

1.88 : 

3.03 

0.1 1 

' 4.04 

2.03 

3.38 , 

7 7 

3.73 , 

1.98 

2.91 

0.9 i 

1 4.12 

2.17 

8.88 ! 

7.0 

3.74 ■ 

1.90 / 

3.08 | 

. 7.1 

1 4.18 

2.10 

8.45 

8 9 

3.75 ; 

1.84 - 

3.00 

5.0 ! 

1.21 

2.2S 

8.48 

8.0 

3.78 

1.94 

3.13 I 

—* tL *8 

[ 4.24 

2 08 

3 . to : 

8 8 

3.78 

1.97 

3.09 

7 0 | 

4>29 

2.13 

3.49 

8.9 

3.79 

1.89 

3.20 

7.4 

4.53 

2.35 

8.55 

9.9 

3.80 * 

1.82 

; 3.13 

0.1 

4.72 1 

2.40 

3.93 * 

11.0 

3 80 

2.05 

3.20 

8 0 1 

4.78 

2.48 

8.75 1 

12.4 

3.81 

1.86 

3.11 

7.3 

! 4.84 

2.10 

3.81 

12.8 

3.81 

! 1.93 

, 3.05 

! 7.0 '1 

4 93 

2.43 

4.05 ! 

13.0 


Table 10. April 14, 1933 


Length 

Depth 

Height 

Weight 

Length 

Depth 

Height 

Weight 

in cm. 

m cm. 

J m cm 

m gm. 

1 m cm 

m cm 

in cm 

in gm 

2.70 

1.37 

j 2.32 

2 2 

3.15 

1.54 

2.58 

4.8 

2.80 

1.48 

2.34 

3.7 

" 3.15 

1.58 

2.00 

4.4 

2.86 

1.41 

2.39 

3.7 

3.16 

1.60 

2 02 

4.8 

2.87 

1.38 

1 2.35 

2.9 

i 3.17 

1.00 

2 00 

4.5 

2.87 

1.40 

; 2.39 

3.0 

3.18 

1.58 

2.71 

4.7 

2.8S 

1.46 

» 2.34 

3.9 

1 3.18 

1.04 

2.01 

4.2 

2.88 

1.45 

! 2.44 

2.9 

3.19 

1.50 

2.02 

4.2 

2.90 

1.48 

; 2.40 

3.8 

3.20 

1.00 

2.02 

2.5 

2.91 

1.46 

1 2.44 

4.1 

3.20 

1,68 

2.70 

1.1 

2 92 

1.52 

! 2.48 

3.9 

3.20 

1.50 

2,71 

1.2 

*L95 

1.55 

t 2.48 

4.2 

! 22 

1.70 

2.07 

4.2 

2.90 

1.50 

j 2.45 

3.5 

, 3*24 

1.08 

2.72 

5.0 

2.97 

1.42 

’ 2.50 

3.5 

!■ 3.24 

1 00 

2.79 

5.1 

2.97 

1.49 

2.40 

; 3.8 

\ 3.25 ! 

1.60 

2.71 

, 1.4 

2.99 ; 

1.46 

1 2.41 

4.1 

: 3.25 

1 1.65 

i 2.00 

4.0 

8.00 j 

1.56 

■ 2.46 

1 4.0 

i 3.25 

1.72 

, 2 09 

t 4.0 

3.03 ; 

1.57 

' 2.63 

! 3.9 

! 8.26 

1.59 

1 2.78 ; 

! 5.8 

8.04 

1.51 

j 2.54 

! 3.2 

8.26 

! 1.75 

2.70 1 

4.8 

8.00 , 

1.52 

! 2.62 

' 3.6 

8.26 

1.68 

. 2 09 ! 

8.7 

3.00 

1.63 

’ 2.60 

’ 3.6 

1 8.27 

1 1.72 

2 77 

5.0 

3.08 ; 

1.50 

, 2.66 

j 4.2 

■ 3.27 

1.58 

2.79 

1 4.8 

8.08 ' 

1.69 

j 2.61 

4.9 

; 3.27 

1.70 

2.64 

5.8 

3.10 

1.58 

! 2.59 

1 4.5 

|! 3.28 

1.61 

2.72 

4l 8 

3 11 ; 

1.57 

i 2.57 

S 4.2 

1 8.28 

1.69 

2.77 

4.8 

3.11 ’ 

1.48 

! 2.63 

1 3.6 

1 3.29 

! 1.60 

1 2.09 

4.0 

3.11 > 

1.50 

! 2.52 

! 3.2 

1 8.29 

i 1.71 

1 2.81 

4.8 

3.14 ' 

1.65 

! 2.67 

4.4 

!' 8.29 

! 1.72 

2.85 

! 5.1 

3.15 ’ 

1.64 

2 61 

1 4.1 

■ 8.80 

i 1.70 

2.78 

4.7 


N 
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.‘i.ni 

X.67 

2.73 

1.7 

3.68 

1.90 

3.10 

5.3 

3.31 

1.71 

2.66 

4.4 

0.68 

1.90 

3.04 

6.7 

fi 34 

1.64 

2.71 

1.1 

3.68 

1.82 

3.04 

6.5 

3.34 

1.80 

2.78 

4 5 

3.68 

1.81 

3.05 

6.0 

3.34 

1.63 

2.76 

5.7 

3.68 

1.86 

3.05 

4.9 

3.34 

1.72 

2 72 

4.7 

3.69 

1.85 

3.05 

6.1 

3.35 

1 . 6 S 

2.78 

4.8 

3.70 

1.86 

3.08 

6.7 


1.71 

2.78 

4.7 

3.70 

1.87 

3.05 

5.7 

3.38 

1.74 

2.77 

4.6 

3.70 

1.95 

2.95 

6.0 

3.38 

1.70 

o 30 

4.9 

3.70 

1.95 

3.10 

6.5 

3.38 

1 62 

2.77 

4.2 

3.71 

1.82 

3 02 

5.6 

3.3S 

1.70 

2.73 

4 S 

3 72 

1.83 

3.08 

7.3 

3.40 

1.77 

2.88 

4.6 

3 73 

1.S7 

3.00 

6.5 

3.40 

1.76 

2.81 

4.7 

3.73 

1.86 

3.14 

7.2 

3.41 

1.80 

2.76 

4.8 

o (jro 

1.94 

3.07 

6.3 

3.42 

1.79 

2.92 

5.2 

3.75 

1.90 

3.05 

6.2 

3.43 

1.63 

2.83 

4.7 

3.75 

1.89 

2.99 

6.2 

3.43 

1.72 

2 85 

5.2 

3.77 

3.84 

3.14 

6.8 

3.45 

1.77 

2.86 

5.4 

3.77 

2.03 

3.10 

6.8 

3.46 

1.74 

2.80 

5.1 

3.77 

1.89 

2.99 

6 3 

3.46 

1.68 

2.87 

4.9 

3.80 

1.92 

3.17 

7.1 

3.47 

1.77 

2.83 

5.3 

3.82 

1.89 

3.17 

8.1 

3.47 

1.84 

2.92 

4.7 

3.83 

1 86 

3.06 

5.9 

3.48 

1.72 

2.85 

5.4 

3.85 

1.90 i 

3.14 

6.7 

3.48 

3.80 

2.85 

6.1 

3.89 

1.99 

3 26 

7.4 

3.50 

1.80 

2.95 

5.7 

3.90 

2.01 

3 22 

7.3 

3.50 

1.80 

2.03 

6.4 

3.91 

1.99 

3.20 

7 2 

3.50 

1.84 

o go 

5.7 

3.92 

1.99 

3.17 

j 7.8 

3.50 

1.76 

2 *.82 

4.9 

3.92 

2.05 

3.31 

8.4 

3.51 

1.78 

2. S3 

5.4 

3.96 

1.93 

3.16 

7.6 

3.54 

1.77 

2.80 

5.1 

3.97 

2.05 

3.23 

| S.4 

3.54 

1.76 

2.95 

5.6 

3.97 

2.11 

3.32 

7.5 

3.55 

1.78 

2.S7 

6.0 

3.98 

2.21 

3.19 

1 9.0 

3.55 

1.88 

2.97 

5.4 

4.06 

2 *.01 

3.42 

1 8.6 

3.56 

1.87 

2.90 

5.3 ! 

4.06 

2.09 

3.34 

! 8.4 

3 5S 

1.79 

2.93 

4.9 

4.08 

2.02 

3.42 

1 S .2 

3.60 

1.S4 

2.96 

6.0 

4.11 

2.05 

3.39 

i 8.5 

3.61 

1.78 

2.98 

5.7 

4.17 

2.10 

3.22 

j 7.7 

3.61 

1.88 

2.88 

6.3 

4.28 

2 21 

3.53 

! 10.3 

3.63 

1.88 

3.02 

5.6 

4.30 

2^08 

3.44 

9.9 

3.64 

1.92 

3.08 

6.6 

4.30 

2.21 

3.54 

; 8.1 

3.66 

1.91 

2.92 

5.8 

4.36 

2 IS 

3.47 

7.8 

3.67 

1.77 

2.85 

5.7 

4.48 

2.13 

3.59 

9.5 

3.67 

1.91 

3.08 

6.4 

4.53 

2.31 

3.57 

! 10.9 

3.67 

1.90 

2.95 

5.6 



i 

i 


Table 11. May 14, 1933. 


Length 
m cm 

Depth 
in cm. 

Height 
m cm 

Weight 
in gm. 

Length 
m cm 

Depth 
m cm 

Height 
in cm. 

Weight 
m gm. 

2.71 

1.30 

2.34 

2.2 

2 97 

1.57 

2.48 

4.1 

2.75 

1.32 

2.27 

2.9 

2.98 

1.53 

2.45 

3.8 

2.83 

1.41 

2.33 

3.0 

3.00 

1.60 

2.52 

3.6 

2.89 

1.48 

2.31 

3.6 

3.01 

1.50 

2.59 

3.5 

2.89 

1.53 

2.45 

3.3 

3.03 

1.63 

| 2.56 

3.9 

2.90 

1.40 

2.42 

3.3 

3.05 

1.50 

2.51 

3.8 

2.94 

1.54 

2.45 

3.3 

3.06 | 

1.51 

1 2.67 

4.5 

2.94 

1.57 

^ 2.40 

3.4 

j 3.06 

1.55 

| 2.63 

4.3 
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Length 

Depth 

Height 

Weight 

Length 

Depth 

Height 

Weight 

m cm 

m cm. 

in cm 

m gm 

in cm 

in cm 

m cm 

in gm 

3.07 

1.58 

2.50 

3.5 

3.60 

1.89 

3 00 

6 1 

3.09 

1.68 

2.44 

4.2 

3.61 

1.81 

2.93 

1.7 

3.10 

1.60 

2.64 

3.5 

3.63 

1.86 

2.92 

6.3 

3.15 

1.55 

2.61 

3.8 

3.62 

1.81 

2.95 

5 3 

3.15 

1.58 

2.60 

3.7 

3.63 

3.80 

2.96 

5.0 

3.15 

i.eo 

2.58 

4 0 

3.64 

1.77 

2.85 

1 8 

3.20 

1.62 

2.59 

4.6 

3.65 

1.92 

2.93 

5.2 

3.22 

1.60 

2.61 

4.6 

3.67 

1.81 

3.35 

6,5 

3.23 

1.62 

2.73 

4.1 

3.67 

1.93 

3.03 

5.0 

3.21 

1.61 

2.77 

3.9 

3.68 

3 .93 

3.06 

5.2 

3.21 

1.65 

2.72 

4 2 

3.69 

1.81 

2.94 

5.1 

3.24 

1.71 

2.73 

4.3 

3 71 

1.90 

3.19 

7.3 

3.25 i 

1.65 

2.75 

3.6 

;;.7:: 

1.85 

3.06 

6.2 

3.25 

1.68 

2.60 

4.8 

3.73 

1.91 

3.06 

5.0 

3.26 

1.65 

2.67 

4.6 

3.75 

2.06 

3.00 

5.9 

3.27 

1.60 

2.68 

4.1 

,‘>.76 

1.80 

3.10 

5.3 

3.27 

1.71 

2 72 

4.5 

; 3 77 

1.85 

2.95 

5. 1 

3.27 

1.77 

2.72 

4.8 

3.77 

1.80 

3.11 

5.9 

3.29 

1.5S 

2.73 

4.8 

3.77 

1.93 

2 95 

| 6.4 

3.29 

1.70 

2.78 

4.2 

| 3.77 

1.95 

;;.17 

! 6.4 

3.30 

1.70 

2.76 

5.0 

1 3.78 

1.81 

3.05 

1 6.3 

3.31 

1.60 

! 2.71 

4.9 

i 3.78 

1.92 

3.20 

! 7.1 


1.6S 

2.67 

4.1 

3.79 

1.91 

3.18 

\ 7 A 

3.31 

1.70 

i 2.70 

4.5 

, 3.79 

1.99 

3.19 

j 7.0 

3.31 

1.70 

2 73 

4.4 

;s.79 

2.02 

3.01 

j 7.1 

3.32 

! 1.64 

. 2.90 

5.7 

> 3.80 

1.86 

3.13 

7.5 

- 3.31 

! 1.70 

1 2.72 

4.4 

1 3.80 

1.95 

3.09 

5.4 

3.35 

| 1.70 

1 2.86 

4.6 

1 3.83 

2.08 

3.26 

! 7.2 

3.35 

1.75 

! 2.80 

4.9 

3.84 

1.85 

8.19 

7.0 

3.3S 

| 1 63 

j 2.85 

5.1 

: 3.S7 

2.05 

3.20 

8.2 

3.3S 

1.74 

2.78 

4.S 

! 3.89 

1.98 

3.23 

/ .*> 

3.40 

1,71 

2.83 

5.7 

3.90 

1.89 

3.17 

7 0 

3.40 

1.73 

2.75 

4.7 

, 3.91 

2.0S 

3.15 

1 7.8 

3.40 

! 1.75 

2.81 

5.4 

3.92 

1,97 

3.16 

i 7.2 

3*41 

j 1.70 

j 2.78 

4.7 

! 3.93 

2.11 

3.23 

8.0 

3.41 

! 1.74 

! 2.74 

5.0 

3.95 

1.98 

3.19 

7.0 

3.41 

1 1-78 

‘ 2.89 

4.4 

I, 3.97 

2.04 

3.13 

7.0 

3.43 

! 1.70 

! 2.90 

5.6 

‘ 4.00 

2.04 

3.26 

7.8 

3.43 

- 3.77 

2.83 

4.8 

! 4.01 

2.07 

! 3.28 

1 7.6 

3.44 

1 1.66 

: 2.SO 

5.0 

4.05 

1 1.91 

3.31 

7.4 

3.46 

1.81 

1 2,84 

5.3 

4.07 

| 2.01 

1 3.37 

1 8.3 

3.47 

1.72 

2.96 

6.5 

4.09 

2.07 

3.26 

9.0 

3.48 

1.S1 

2.83 

5.3 

f 4.ii* 

2.13 

3.39 

, 8.8 

3.49 

■ 1.71 

2.88 

4.1 

11 4.12 

2.07 

3.35 

8.2 

3.49 

1.78 

2.88 

5.7 

|. 4.14 

2 05 

3.41 

7.9 

3.51 

' 1.75 

2.S8 

5.3 

4.15 

2.08 

3.38 

7 ;> 

3.52 

i 1.72 

2,88 

4.9 

i 4.36 

| 2.02 

3,31 

7 A 

3.52 

1.78 

2.87 

5.5 

4.23 

! 1.97 

3.43 

, 7 .7 

3.53 

1.69 

2.S5 

5.3 

4.23 

1 2.06 

3.33 

8.3 

3.55 

; l.si 

2.86 

; 4.7 

4.25 

1 2 17 

3.47 

9.7 

3.57 

( 1.91 

3.01 

1 6.0 

4.30 

2.32 

3.49 

i 9.4 

3.5S 

1.74 

3.02 

: 6.6 

4.31 

j 2.21 

3.24 

1 7.9 

3.5S 

1.81 

3.03 

1 5.9 

4.38 

1 O oo 

I .XJ-J 

3.57 

1 10.8 

3.59 

1.77 

2.94 

! 5.9 

4.54 

| O 0‘> 

| 3.73 

: 10.4 

3.59 

; i.82 

3.00 

| 5.5 

i 4.71 

, 5L43 

i 3.68 

1 11,6 

3.59 

; 1.92 

2.81 

! 5.6 

4.75 

2.48 

j 3.80 

11.5 

3.60 

| 1.75 

2.91 

i 5.3 

4.79 

2.46 

i 3.67 

1 11.4 

3.60 

, 1.80 

3.09 

! 5.8 

:i 5.03 

2 82 

; 4.07 

, 16.1 

3.60 

! 1.85 

2.91 

! 7.1 

: 5.04 

1 2.72 

1 3.94 

. 17.3 







GROWTH OF SHELL OF MERETRIX MERETRIX 


367 


Table 12. June 14, 1933 


Length 

Depth 

Height 

Weight 

Length 

Depth 

Height 

Weight 

in cm 

in cm 

in cm 

m gm 

m cm. 

m cm 

m cm 

m gm 

8.00 

1.50 

2.51 

3.0 

3.57 

1.90 

2.S3 

6.2 

8.05 

1 52 

2.50 

3.4 

3.57 

X.85 

8.00 

6.1 

'LOO 

1,51 

2.00 

3.9 

3.58 

1.80 

2 S7 

5.8 

3.07 

1 52 

2.00 

3 8 

3.59 

1.90 

2.92 

6.8 

3.08 

1.51 

2,55 

3 4 

3.60 

1 S3 

2 95 

5.8 

3.09 

1.59 

2.00 

4.1 

| 3.00 

1.77 

8.11 

6.1 

3.11 

1.53 

2.53 

3.4 

1 3 61 

1.S9 

3.00 

5.7 

3.11 

1 00 

2.00 

8 4 

i 3.62 

1.S6 

3 02 

5.9 

o ’jf o 

1.59 

2.65 

4.0 

3.64 

1.85 

8.00 

5.8 

3.14 

1.55 

2.68 

4.0 

3.65 

1.81 

3.05 

6.1 

3.15 

1.00 

2.01 

4.4 

! 3.60 

1.87 

3 05 

7 9 

3.10 

1.05 

2.64 

4.1 

! 3.06 

1.90 

3 09 

6.0 

3.31 

1.02 

2 72 

4.7 

3.68 

1 S4 

8 00 

6 8 

3.21 

1.07 

2 *.68 

4.8 

3.70 

1.91 

8.12 

b 2 

3.21 

1.57 

2.74 

1 S 

3.70 

1 72 

3.04 

5.6 

3.21 

1.58 

2 72 

4.2 

8.71 

1.S4 

8.12 

5.6 

8 4> 2 

1 02 

2.05 

8.8 

3 71 

1 SO 

8.14 

6 7 

‘L24 

1.57 

2.70 

4.5 

1 8.71 

1 SI 

3.01 

6.4 

3.24 

1 70 

2.71 

4.1 

! 3.72 

1.78 

2.93 

5.7 

3.20 

1.02 

2 72 

4.9 

1 3.74 

1.S3 

3.01 

5.7 

3 20 

1.03 

2*74 

5.0 

! 3 75 

1.90 

3.09 

6.8 

3.33 

1.70 

2.72 

5.1 

, 3.77 

1.S0 

2.14 

; 7.i 

3.35 

1.78 

2.79 

4.8 

| 3.77 

1.92 

i 8.13 

6.2 

3,30 

1.70 

2.87 

4.8 | 

• 3.78 

1.S9 

8.10 

5.9 

3.38 

1 00 

2.86 

5.4 1 

3.78 

1.S7 

3.14 

6.7 

3.39 

1.00 

2.82 

5.3 l 

, 3.78 

1.90 

3.23 

| 6.7 

8.40 

1 0)8 

2 80 

5.6 , 

' 3.79 

1.91 

3.10 

i 6 5 

8.40 

1.82 

2.91 

j 5.7 1 

3.81 

1.85 

3.15 

7.1 

8.41 

1.70 

2 70 

4 0 

3.81 

1.95 

3.17 

! 6.2 

3.45 

1.70 

2.SI 

4.5 ! 

' 3.82 

1.94 

3.11 

! 7 * 7 

8.45 

1.78 

2.98 

5,7 1 

i 3.83 

1 94 

3 22 

1 6.9 

3.40 

1.78 

2.91 

5.3 

1 3.84 

1.91 

3.15 

| 6 2 

3.40 

1.78 

2.SI 

! 5.2 

i 3.80 

1.95 

3.10 

6.8 

8.40 

1.70 

2,88 

4.9 

3.S7 

1 96 

3.19 

6.8 

8.47 

1.70 

2.88 

5 4 

3 90 

1.91 

3.21 

6.4 

3.47 1 

1.84 

2.91 

5.1 

3.90 

1.94 

8.80 

6.6 

3.48 ! 

1.77 

2.87 

5 5 

3.92 

2.01 

8 87 

7.5 

8.49 

1.77 

2.90 

5.9 

, 3.93 

1.92 

3.12 

6.8 

3.49 

1.70 

8.00 

! 5.5 | 

3 96 

1.98 

3.32 

8 5 

3.51 

1.73 

2.94 

4.o ; 

3.96 

2.02 

8.12 

7.2 

3.52 

1.75 

2.98 

5.5 1 

i 3.96 

2.02 

3.26 

7.7 

3.58 

1.83 

2.95 

5.2 | 

4 00 

1.92 

8.40 

8.5 

8.53 

1.70 

3.09 

o o i 

4.00 

1.96 

3.28 

8.5 

8.55 

1.84 

3.08 

5.1 

4 08 

2.02 

3.40 

7.9 

3.55 

1.70 

3.00 

6.4 | 

4.09 

1 2.08 ! 

1 i 

3.83 

7.7 


Table 13. July 14, 1933. 


Length 

Depth 

i Height 

! Weight 

Length j 

Depth 

Height 

Weight 

m cm* 

in cm 

j in cm 

j in gm. 

! in cm ; 

in cm. 

m cm. 

m gm 

2.60 

1.28 

J 2.20 

! 2 8 

2.87 ^ 

1.42 i 

2.51 

3.8 

2.61 

1.27 

1 2.25 

! 2.7 1 

1 2.92 

1,38 1 

2.44 | 

2.7 

2.78 ! 

1.41 

i 2,86 

! 3.0 1 

j 2.99 ' 

1.40 1 

2.48 ; 

2 9 
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Length 
in cm 

Depth 
in cm 

Height 
in cm. 

Weigh L 
in gm. 

3.01 

1.50 

2.60 

3.5 

3.05 

1.59 

2.08 

4.4 

3.07 

1.40 

2.52 

3.7 

3.08 

1.58 

2.62 

4.0 

3.11 

1.60 

2.57 

3.7 

3.10 

1.62 

2 09 

4.3 

3.17 

1.61 

2.74 

5.0 

3.20 

1.58 

2.75 

4.9 

3.21 

1 61 

2.75 

4.8 

3.21 

1.67 

2.74 

4.2 

3.21 

1.67 

2.75 

4.7 

3.22 

1.60 

2.71 

5 3 

3 24 

1 61 

2.6S 

4.7 

3.27 

1.63 

2.78 

5 0 

3.28 

1.70 

2.76 

5.7 

3.29 

1.67 

2.80 

5.1 

3.29 

1.70 

2.89 

5.3 

3.30 

1.62 

2.70 

5.3 

3.32 

1.66 

2.76 

4.4 

3.33 

1.64 

2.86 

5.3 

3.33 

1 .6S 

2.76 

5.5 

3.35 

1.70 

2.81 

4 5 

3.36 

1.66 

2.76 

5.4 

3.38 

1.75 

2.97 

6.2 

3.38 

1.79 

2.78 

5.3 

3.39 

1 .6S 

2.86 

5.1 

3.39 

1.74 

2 .8S 

5.5 

3.40 

1.65 

2.77 

4.7 

3.40 

1.72 

2.84 

4.9 

3.40 

1.75 

2.86 

5.6 

3.41 

1.7S 

3.03 

7.0 

3.42 

1.67 

2.99 

6.2 

3.42 

1.70 

2.97 

6.2 

3.45 

1.62 

2.89 

5.5 

3.45 

1.64 

2.85 

4.8 

3.45 

1.78 

3.02 

6.0 

3.47 

1.67 

3.00 

5.9 

3.47 

1.72 

2.91 

6.4 

3.48 

1.73 

2.91 

5.7 

3.48 

1.74 

2.94 

6.3 

3.49 

1.80 

2.96 

6.1 

3.50 

1.73 

2.96 

5.1 

3.52 

1.S7 

2.95 

5.0 

3.53 

1.71 

2.92 

4.6 

3.53 

1.75 

2.90 

5.2 

3.53 

1 .S1 

3.00 

5.9 

3.55 

1.73 

3 10 

6.8 

3.50 

1.77 

3.02 

6.3 

3.56 

1.81 

2.96 

6.1 

3.56 

1.85 

3.02 ! 

6.6 

3.57 

1.77 

3.01 j 

6.1 

3.5S 

1.91 

3.05 

7.5 

3.59 

1.7S 

3.05 | 

6.6 

3.60 

1.74 

3.03 

5.8 

3.60 

1.82 ! 

3.14 

6 


Length 

Depth 

Height 

Weight 

in cm. 

m cm 

in cm 

in gm 

3.60 

3.86 

2.96 

6.6 

3.60 

* 1.86 

2.93 

5.9 

3.60 

1.86 

3.12 

6.9 

3.61 

1.73 

3.08 

6.7 

3.61 

1.82 

2.91 

5.1 

3.62 

1.74 

3.01 

6.5 

3.62 

1.75 

3.09 

7.0 

3.62 

1.77 

3.00 

6.7 

3.63 

1.81 

3.03 

7.0 

3.64 

1.79 

3.06 

6.7 

3.64 

1.82 

3.01 

6.7 

3.64 

1.72 

3.03 

6.0 

3.65 

1.81 

3.09 

7.0 

3.65 

1.86 

3.08 

6.5 

3.65 

1.95 

3.10 

6.8 

3 66 

1.77 

3.06 

6 .6) 

3.66 

1.87 

3.10 

7.4 

3.66 

1.90 

3.31 

6.6 

3.67 

1.93 

3.09 

6.4 

3.68 

1.88 

8.05 

7.1 

3.68 

1.88 

8.16 

8.4 

3.69 

1.79 

8.16 

7.3 

3.70 

1.84 

8.01 

5.8 

3.71 

1.89 

3.28 

7.7 

3.72 

1.86 

8.05 

6.3 

3.73 

1.80 

8.35 

7.1 

3.74 

1.97 

8.35 

7.3 

3.76 

1.79 

8.20 

7.5 

3.77 

1.90 

8.11 

7.1 

3.77 

1.91 

8.10 

7.3 

3.S2 

1.90 

8.14 

8.2 

3.83 

1.80 

8.28 

7.4 

3.86 

1.89 

8.20 

7.5 

3.87 

1.90 

8.20 

6.9 

3 87 

1.92 

3.32 

8.3 

3.88 

1.85 

3.24 

6.4 

3.88 

1.99 

3.11 

7.9 

3.93 

1.90 

8.33 

8.0 

3.95 

1.91 

8.29 

8.0 

3.96 

1.89 

8.23 

7.5 

3.97 

1.97 

3.31 

9.3 

3.99 

1.93 

3.83 

9.0 

3.99 

1.95 

8.80 

8.3 

4.00 

1.92 

3.33 

8.0 

4.00 

2.00 

3.88 

9.5 

4.05 

2.01 

3.40 

8.5 

4.05 

2.08 

3.14 

9.3 

4.07 

1.90 

3.36 

7.8 

4.13 

2.04 

3.47 

9.3 

4.16 

2.15 

3.54 

9.1 

4.16 

1.95 

3.40 

8.6 

4.17 

2.12 

3.24 

8.3 

4.23 

2.05 

3.49 

9.6 

4.29 

2.14 

3.47 

9.7 

4.44 

2.25 

3.55 

10.6 
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Table 14. August 14, 1933. 


Length 
m cm 

Depth 
m cm 

Height 
in cm 

Weight 
in gm 

Length 
m cm. 

Depth 
in cm. 

Height 
in cm 

Weight 
m gm 

2.6(5 

1.31 

2.20 

2.2 

3 50 

1.82 

2.84 

4.9 

2.67 

1.34 

2 20 

2.6 

3.52 

1 81 

2.90 

5.2 

2.74 

1.27 

2.25 

1.9 

0.53 

1.83 

2.S5 

6.0 

2.89 

1.46 

2.46 

3.1 

3.53 

1 85 

3 00 

5.5 

2.95 

1.47 

2.53 

4.1 

3.54 

1.83 

2.96 

5.8 

3.00 

1.50 

2 40 

3.8 

3.55 

1.86 

2.98 

5.8 

3.02 

1.49 

2 50 

4.0 

3.56 

1 96 

2 96 

5.8 

3.03 

1.60 

2 53 

3.4 

3.57 

1.77 

2 91 

5.5 

3.04 

1.56 

2.53 

3.4 

3.57 

1.83 

3.00 

5.3 

3 11 

1.53 

2.56 

3.6 

3.5S 

1. S3 

3.03 

6.2 

3.13 

1.58 

2.61 

3 3 

3.59 

1.73 

2.87 

5.4 

3.14 

1.58 

2 57 

4 0 

3.60 

1 81 

3.05 

6.3 

3.15 

1.56 

2.56 

3.5 

3.60 

1.83 

2.92 

5.0 

3.18 

1.57 

2 59 

4.3 

3.62 

1.76 

2.87 

4.8 

3.18 

1.66 

2.69 

5.1 

3 62 

1 80 

2 87 

5.5 

3 19 

1.53 

2.63 

4.8 

3.63 

1 S3 

2.97 

4.8 

3.20 

1.58 

2.70 

4.7 I 

3.63 

1.84 

3.12 

7.1 

3.20 

1.59 

2 63 

3.7 

3.63 

1.85 

2.9S 

5.7 

3.20 

1.69 

2.73 

5.0 

3.65 

1 84 

3.OS 

6.3 

3.21 

1.66 

2.80 

4.7 

3.67 

1.79 

3.03 

6.4 

3.21 

1.73 

2.70 

4 6 

3.67 

1.80 

2 99 

5.5 

3.22 

1.56 

2 67 

4.0 

3.67 

1.93 

2.99 

6.4 

3.25 

1.64 

2.78 

5.3 

3.68 

1.85 

3.15 

5.6 

3.26 

1.60 

2.76 

5 1 

3.69 

1.87 

3 03 

l 5.5 

3.28 

1.75 

2.71 

4.3 

3.70 

1.87 

3.11 

6.3 

3.29 

1.65 

2.77 

4.5 

3.71 

1.94 

2.97 

5.5 

3.31 

1.63 

2.73 

3.9 

3.71 

1.99 

3.15 

6.1 

3.33 

1 63 

2.79 

4.8 

3.72 

1 .S0 

2.95 

5.7 

3.33 

1.64 

2.81 

4.2 

3.72 

1.90 

3.07 

6.1 

3.34 

1.73 

2.77 

4 6 

3.73 

1.82 

3.11 

5.7 

3.36 

1.59 

2.77 

4.1 

o wo 
«->. /*> 

1.87 

3.13 

7.2 

3.37 

1.69 

2.71 

4.2 

3.73 

1.93 

3.11 

5.7 

3.37 

1.73 

2.88 

4.8 

3.75 

1.90 

3 01 

5.S 

3.37 

1.74 

2.81 

4.3 

3.75 

1.95 

3.10 

6.6 

3.39 

1.69 

2.86 

4.5 

3.76 

1.82 

3.10 

5.9 

3.39 

1.72 

2.90 

5.6 

3.78 

1.85 

3.09 

5.7 

3.40 

1.73 

2 80 

5.0 

3.78 

1.91 

3.00 

6.8 

3.40 

1.78 

2.86 

5.7 

3 79 

1.81 

3.03 

5.5 

3 41 

1.63 

2.76 

5.0 

3.80 

1.87 

3.10 

5.5 

3.41 

1.79 

2.94 

4.9 

3.80 

2.03 

3.14 

7.8 

3.42 

1.66 

2.80 

5.4 

3.81 

1.82 

3.14 

6.1 

3.42 

1.71 

2.82 

4.7 

3.81 

1.S5 

3.10 

7.3 

3.42 

1.72 

2.78 

5.0 

3.85 

1.88 

3.06 

5.8 

3.43 

1.72 

2.70 

4.9 

3.85 

2.03 

3.20 

7.1 

3.45 

1.71 

2.75 

5.1 

3.87 

1.94 

3.16 

7.1 

3.45 

1.71 

2.90 

5.0 

3.87 

1.96 

3.19 

6.7 

3.45 

1.75 

2.96 

5.5 

3.87 

2.00 

3.12 

7.7 

3.45 

1.84 

2.92 

6.3 

3.88 

1.90 

3.15 

6.2 

3.47 

1.78 

2.75 

4.7 

3.88 

1.91 

3.07 

5.5 

3.48 

1.75 

2.87 

5.5 

3.88 

1.92 

3.21 

7.4 

3.48 

1.80 

2.86 

5.2 

3.91 

2.05 

3.26 

7.5 

3.48 

1.86 

2.90 

5.0 

3.92 

1.92 

3.07 

5.4 

3.49 

1.75 

2.90 

4.7 

3.92 

2.00 

3 22 

8.0 

3.49 

1.77 

2.92 

6.1 

3.93 

2.00 

s.n 

6.8 

3.50 

1.80 

2.87 

5.9 

3.93 

2.00 

3.20 

7.4 

3.50 

1.81 

2.83 

4.0 

3.93 

2.00 

3.22 

6.6 
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3.94 

1.98 

3.81 

7.2 

•1.20 

2.18 


>.42 

9.5 

8.94 

2.08 

8.19 

7.8 

2.28 

2.14 


; 88 

8.2 

3.90 

2.00 

8.24 

7.1 

4.28 

2 87 


J.40 

9.2 

3.90 

2.12 

8 40 

7.7 

4.29 

2.19 


5.(45 

10.8 

3.98 

2.00 

8.81 

7 5 

1 82 

2.24 


5.40 

8.8 

3.98 

2.10 

8 80 

0 0 

4.85 

2.20 


1.07 

10.2 

4 01 

2,01 

*> 

♦ > 

7.0 

4.80 

2.15 


1.58 

8.9 

4.00 

2.08 

8.27 

7.2 

4 .88 

2.20 


1.08 

10.8 

4.20 

2.02 

8 82 

7.4 

4 88 

2 28 


1.47 

9.0 

4.18 

2.08 

8827 

8.1 

1 89 

2 .14 


5.55 

10 . 1 

4.18 

2.08 

8.80 

9.2 

4.45 

2.28 


1.40 

9.4 

4.20 

2.09 

8.44 

9 5 

4.49 

2.80 


1 01 

10.2 

4.20 

2.09 

8.47 

7.8 

4.00 

2.85 


5.78 

10.1 


Table 15. September 14, 1933. 


Length 

Depth 

Height 

Weight 

Length 

Depth 

Height 

Weight 

m cm 

m cm 

in cm. 

in gm 

in cm. 

m cm. 

in cm 

m gm 

2.50 

1.81 

2.14 

2.3 

3.10 

1.54 

2.56 

4.0 

2.53 

1.16 

2.14 

2.2 

3.10 

1.55 

2.60 

8.5 

2.54 

1.28 

2.17 

1.8 

8.11 

1.58 

2.61 

8.7 

2.66 

1.25 

2.23 

2.4 

8.12 

1.48 

2.65 

4.2 

2.70 

1.36 

2.23 

2.4 

8.12 

1.55 

2.58 

1.2 

2.75 

1.41 

2 82 

2.9 

8.12 

1.58 

2.05 

4.1 

2.78 

1.40 

2.33 

8.1 

8.14 

1.59 

2.59 

4.4 

2.80 

1.35 

2.80 

2.8 

8.15 

1.55 

2.61 

8.7 

2.81 

1.29 

2.85 

2.5 

8.15 

1.57 

2.07 

4.7 

2.81 

1.46 

2.46 

3.0 

3.16 

1.54 

2.00 

8.7 

2.82 

1.38 

2.37 

3.1 

8.16 

1.68 

2.61 

4.2 

2.83 

1.38 

2.33 

2.8 

8.18 

1.53 

2.78 

8.7 

2.83 

1.46 

2.37 

3.3 

8.18 

1.61 

2.66 

4.0 

2.86 

1.41 

2.85 

3.0 

8.19 

1.48 

2 68 

8.4 

2.S9 

1.46 

2.41 

3.3 

3.19 

1.53 

2.72 

8.6 

2.90 

1.48 

2.88 

2.9 

8.19 

1.57 

2.76 

4.4 

2.91 

1.34 

2.41 

2.9 

8.19 

1.70 

2.58 

4.1 

2.91 

1 44 

2.44 

3.2 

3.20 

1.58 

2.65 

3.8 

2.91 

1.44 

2.51 

8.9 

8.21 

1.56 

2.66 

4.2 

2.92 

1.44 

2.41 

2.8 

3.21 

1.57 

2.67 

4.2 

2.92 

1.44 

2.45 

3.6 

8.22 

1.61 

2.65 

8.8 

2.92 

1.45 

2.43 

8.5 

8.28 

1.66 

2.71 

1 0 

2.93 

1.50 

2.42 

3.3 

8.28 

1.78 

2.69 

4.5 

2.96 

1.48 

2.46 

3.1 

8.24 

1,58 

2.76 

4.1 

2.97 

1.50 

2.56 

8.7 

8.24 ! 

1.61 

2,68 

4.2 

2.98 

1.50 

2.52 

3.7 

3.25 

1.60 

2.66 

4.5 

2.99 

1.46 

2.49 

3.1 

3.25 

1.63 

2.70 

8.7 

3.00 

1.44 

2.49 

3.2 

3.26 

1.57 

2.78 

4.1 

8.01 

1.44 

2.54 

3.1 

3.26 

1,62 

2.73 

4.2 

3.01 

1.46 

2.44 

3.4 

3 26 

1.63 

2.75 

4.8 

3.02 

1.54 

2.60 

3.7 

3.26 | 

1.64 

2.69 | 

4.1 

3.03 

1.46 

2.49 

2.9 

3.27 

1.61 

2.70 

4.6 

3.05 

1.50 

2.51 

3.0 

3.27 

1.80 

2.70 

5.0 

3.05 

1.51 

2.60 

3.7 

8 .2S 

1.58 

2.77 

4.9 

3.06 

1.61 

2.65 

4.6 

3.28 

1.67 

2.83 

4.8 

3.OS 

1.56 

2.56 

3.6 

3.29 

1.56 

2.73 

8.5 

3.09 

1.58 

2.55 

3.6 

3.29 

1.61 

2.74 

4.8 

3.10 

1.52 

2.57 

3.7 

3.29 

1.61 

2.80 

4.1 

3.10 1 

1.53 

2.52 

3.7 

3.30 

1.65 

2.77 

4.4 

3.10 

1.53 

2.53 

3.3 

3.30 

1.71 

2.72 

4.5 
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Length 

Depth 

Height 

Weight 

Length 

Depth 

Height I 

Weight 

m cm 

m cm 

m cm. 

m gm 

m cm 

m cm 

m cm 

m gm 

8.30 

1.74 

2.77 

5.2 

3.66 

1.92 

2.99 

5.1 

3 32 

1.68 

2.80 

4.9 

•°,.6S 

1.72 

3.08 

5.2 

** ‘>0 

T > m t >JJ 

1.70 

2.62 

4.0 

3.70 

1.94 

3 11 

6.9 

8.31 

1 69 

2.80 

5.0 

3.71 

1.88 

3.12 

6.8 

3. .13 

1.81 

2.87 

5.6 

3.71 

1.98 

•LOS 

7.5 

3 . 36 

1.62 

2.76 

4.8 


1.90 

8.02 

6.9 

3.36 

1.62 

2.80 

4.3 

3.73 

1.99 

3 10 

7.0 

3.37 

1.73 

2.91 

5.1 

3.74 

1.97 

3.11 

7.3 

3.37 

1.76 

2.74 

5.0 

3.75 

1.96 

8.10 

7.7 

3.39 

3.64 

2.78 

5.0 

3.76 

2.03 

8.04 

7.4 

3.39 

1.6S 

2.77 

4.8 

3.77 

1.95 

3.21 

7.5 

3.40 

1.74 

2.75 

4.8 

3.78 

1.S6 

8.10 

5.7 

3 42 

1.72 

2.78 

4 6 

3.79 

1.99 

8.06 

7.1 

3.43 

1.69 

2 88 

5.1 

3.82 

1.S5 

8.09 

6.0 

3.43 

1.71 

2 81 

4.2 

3.82 

1.98 

3.05 

6.9 

3.44 

3.61 

2.83 

5.0 

3.83 

1.92 

8.11 

6.3 

3.44 

1.62 

2.83 

5.0 

3.83 

1.96 

8.08 

5.2 

3.45 

1.68 

2.80 

4.3 

3.S3 

2.01 

8.11 

6.6 

3.45 

1.74 

2.84 

5.7 

3.SS 

1.83 

8.24 

6.2 

3.46 

1.78 

2.75 

4.5 

3.88 

2 02 

3.12 

7.1 

3.47 

1.70 

2.91 

4.7 

3.91 

2.03 

3.20 

7.0 

3.48 

1.88 

2.83 

5.2 

3.92 

1.90 

8.20 

7.0 

3.52 

1.70 

2.93 

5.2 

3.99 

2.02 

8.16 

7.7 

3.52 

1.75 

2.88 

4.8 

3.99 

2.03 

8.18 

7.0 

3.52 

1.85 

2.90 

5.7 

4.00 

1.96 

3.31 

7.9 

3 53 

1.73 

2.91 

5.0 

4.01 

1.98 

3.31 

7.5 

3.57 

1.83 

3.03 

5.6 

4.02 

2.05 

3.35 

7.2 

3.58 

1.70 

2.SS 

4 8 

4.03 

2.03 

3.31 

7.2 

8.59 

1.78 

2 91 

4.S 

4.03 

2.12 

3.30 

7.9 

3.62 

1.75 

2.99 

6.3 

4.10 

2.04 

rj . *>D 

8.4 

3.62 

3.86 

2.98 

5.1 

4.13 

• 1.97 

3.30 

7.0 

3.03 

1.86 

3.03 

6.6 

4.18 

2.13 

3.57 

10 7 

3.64 

3.80 

2.97 

5.3 

4.22 

2.10 

8.36 

9.0 

3.65 

! 1.87 

3.02 

5.5 

' 4.22 

2 22 

3.44 

S 9 
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THE MARSUPIAL SAC 
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Katsuhiro Okada 

Biological Institute, Tohoku Impenal University , Sendai, Japan 
(With 17 figures m text) 

(Received Octobex 30, 1934 > 

The process of the rearing of their young by all the species of Unionidae 
and Sphaeriidae, and by some marine eulamelhbranehia is well known: 
e. g. m the case of Ostrea eduhs , the eggs are brought up within the 
mantle cavity to the larval stage capable of free swimming (Horst 1882); 
in that of Entovalva mirabilis , by a fusion of the posterior end of the 
two halves of the mantle, a bell-shaped brood cavity is formed, in which 
the embryos remain until they reach the trochophore stage (Voeltzkow 
1891); in that of Unio and Anodonta , the glochidia are delivered after 
almost the whole completion of their embryonic stage in the interlamellar 
space of the outer gill (Goette 1891, Harms 1908, and Lefevre and 
Curtis 1910) ; and in that of the Sphaeriidae, the embryos are nourished 
in the marsupial sac, which is a closed sac formed m the supra-branchial 
chamber of the inner gill (inner branchial chamber), until they have grown 
through in the earliest stage of complete mussels with two valves, the 
whole stage of free swimming being entirely non-existent. 

Such a peculiar breeding habit in the Sphaeriidae has been studied 
by many investigators. Of these, Poyarkoff (1910), Schereschewsky 
(1911), and Wasserlos (1911) in Sphaenum corneum, and Groenewegen 
(1926) in Sphaenum rivicola studied the histological structure, origin, and 
function of the marsupial sac; and Thiel (1924, ’28, ’30) in Sphaenum 
corneum and Foster (1932) in Sphaerium solidulum carried out investiga¬ 
tions in relation to the growth, reproduction, and life history, chiefly from 
the view-point of the seasonal change. 

My object has been also to determine the details with regard to the 
breeding habits and the marsupial sac of the Japanese species, Musculium 
heterodon . The method used is the same as that stated in my previous 
paper (1934). 
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In this connexion, I wish to express my appreciation of the guidance 
received from Prof. Dr. E. Nomura throughout the present work. My 
thanks are also due to Assist.-Prof, I. Motomura for his advice. 

THE STRUCTURE OF THE GILL 

The gills of Musculium heterodon , with the exception ol their position 
and size, which are the peculiar characteristics of the Sphaeriidae, conform 
to the so-called “ Anodonta -type ” (Fig. 1). 


ibe ldl ibe ieid ldl 



to f a ? l ranC , hial ! amella COnsists of branchiaI filaments, which run parallel 
ch other forming a plate connected by interfilamental junctions, and 

onneXrr t § , T* ° f ** deSCendin S and lamellae are 

connected by mterlamellar junctions (Fig. 2). The gill is therefore com- 
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posed of two filamental spaces forming a latice-like system. one the 
intrafilamentai space which contains blood, and the other the interfilamental 
space which is the water passage. 



Fig. 2 Section peipendiculai to lamellae of innei gill, to lllustiate 
ielation between filaments and junctions x66. Blood coipuscles seen in 
inti afilamental space af ascending filament, df descending filament, iafs 
intrafilamentai space, ifj interfilamental junction, ilj interlamellar junction, 
irfs interfilamental space 

The wall of each filament is a unicellular layer. The layer facing the 
mantle cavity is composed of columnar and sphenoidal cells of different 


kinds (Fig. 3). The basal cells 
forming the sides of the filament 
decrease gradually in height and 
become flattened, and thus continue 
to form not only the remaining wall 
of the filament, but also the walls 
of the interlamellar and inter¬ 
filamental junctions (Fig. 2). 

Each inner gill is large, tri¬ 
angular m shape, and nearly covers 
the whole visceral sac on respective 
sides of it. Its insertion edges run 
from the dorsal portion of the vis¬ 
ceral sac, postero-ventrally, towards 
the siphon, and are continuous to the 
oblique septum, which completely 
seperates the branchial chamber 
from the mantle cavity. The pro¬ 
portion of the descending to the 


a 



Fig 3. Cross section of filament, to 
illustrate cellular arrangement. x800. a 
frontal cells, b lateio-frontal cell, c inter* 
connective cell, d lateral cell, e basal cells, 
f basement membiane, g mtiafilamental 
space 
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ascending lamella is about 4:1 in length of filaments as the anterior 
region, 3 : 1 at the middle, and 1 .1 at the posterior. 

Each outer gill is much smaller than the inner, and only covers rather 
less than the posterior third of the visceral sac. The proportion of the 
descending lamella to the ascending is about 1 : 4 all through. 

The supra-branchial or mterlamellar chamber of the present species is 
very spacious, being lined with the descending and ascending lamellae, by 
the wall of the visceral sac, which is widely spread between the insertion 
edges of both lamellae, and by the mterlamellar bridge, which is the 
uppermost series of mterlamellar junctions, being depressed so strongly 
downwards that it nearly approaches the free edge of the gill. This 
chamber is, therefore, called the branchial chamber in this paper, and, 



Fig 4 Veitical cioss sections xl5 Lett, thxough middle legion of body, lo 
lllustiate thiee maisupial sacs in different developmental stages Hight, thiough 
heart and most postenoi end of foot, to illustrate common inner branchial chambei 
and outer bianchial chambei proceeding to unite with it, just m front of cloacal chambei. 
lms primary maisupial sac, 2ms secondary maisupial sac, Sms tertiary maisupial sac, 
a auricle, cue cerebro-visceral connective, ddv digestive diveiticula, f foot, hd her¬ 
maphroditic duct, ihc innei bianchial chamber, ig innei gill, int intestine, me mantle 
cavity, obc outer branchial chambei, og outer gill, p pencaidium, rbg recess of vestigial 
byssus gland, rpd reno-pencaidial duct, st stomach, t testis, v ventncle 
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correspondingly, that o£ the inner gill the inner branchial chamber, and 
that oi the outer gill the, outer branchial chamber. 

The embryos are bred in the inner branchial chamber which is much 
more spacious than the outer one. These two pairs of branchial chambers 
unite, posteriorly, with each other, to form the cloacal chamber, which 
opens to the outside of the body through the 
exhalant siphon (Fig 1 and 4). 

Many spherical blood corpuscles are usually 
found in the mtrafilamental space, especially, 
of the mterlamcilar junctions. These corpuscles 
are also found in the blood vessels of the body 
or in the haemocoel together with the con¬ 
nective tissue cells. Two kinds of blood cor¬ 
puscles may he distinguished according to the 
different structures ol their nuclei (Fig. 5), but I am unable to discuss 
the details of this point at present. 

THE BREEDING HABIT 

The breeding season ol the species under discussion appears to continue 
throughout the 3 ear, because, in all the specimens in my monthly collec¬ 
tions, the marsupial sacs have always been found to have embryos enclosed 
within them. 

As to the development of the marsupial sac three different stages may 
be distinguished, viz. the primary, secondary, and tertiary, in this order 
of formation. The primary marsupial sac is the smallest and is of the 
latest formation, containing the developing eggs in cleavage. At the 
beginning of this formation, three or four smaller primary sacs are usually 
found, but they unite later and form a larger primary sac. The secondary 
marsupial sac contains the embryos at a somewhat earlier stage, which 
nearly corresponds to the gastrula or larval stage of other families. The 
tertiary marsupial sac is the largest of the three, and is of the earliest 
formation, containing the embryos of later stages which have grown almost 
into the young mussels. 

Besides the marsupial embryos, which are enclosed in the marsupial 
sacs, there are found some extra-marsupial embryos, which are perfect 
mussels and have been readily liberated from the tertiary marsupial sac, 
and remain making jerky movements in the inner branchial chamber for 
a time before their delivery outside the body. The extra-marsupial embryo 
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measures 1.5-2.5 mm. in length, and I am not able to distinguish it from 
the young mussel of the same size already born. No mussel of such a 
length ever attains sexual maturity. 

The secondary and tertiary marsupial sacs are present throughout the 
year; but the appearance of the extra-marsupial embryos is to the spring 
and the autumn, and these are to be born sooner or later during succeed¬ 
ing days. The primary marsupial sac is newly formed, in most cases, while 
the birth of the extra-marsupial embryos is proceeding, though rarely, 
after the completion of this process. As already stated in my previous 
paper, even though the period of the sexual maturation in the testis 
extends throughout the year, yet the seasonal differences are observable. 
The spermatogenesis is most active in early spring and in early autumn. 
In June and October, mature spermatozoa are most plentiful, but in 
winter only a small number of them aie seen in the shrunken testis. In 
the ovary, the finding of the primary oocytes is limited to spring and 
autumn, although the growing oogonia are always seen throughout the 
year. 

In mussels measuring 3-7 mm. in length, the median lobe of the testis 
is well developed, but in those measuring more than 8 mm., it is much 



Fig. 6 Diagram to show presence of embryos of diffcienl stages according to 
different months. Marsupial embryos enclosed in primary, secondary and toitiary 
marsupial sacs and extra-marsupial embryos present In May, June, July, September, 
October, and November. In the remaining months, marsupial embiyos enclosed only 
m secondary and tertiary marsupial sacs present Development of spring breed repre¬ 
sented by hoiizontal parallel lines, and that of autumn breed by vertical parallel lines 


shrunken and only the lateral lobes maintain their existence. The oogenesis 
is, on the contrary, most vigorous in mussels above 8 mm. in length. The 
protandrous maturation of this species may thus be distinctly suggested. 
From the maturity of the gonads above mentioned, it is obvious that 
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the period of reproduction occurs twice a year. The eggs fertilized in 
spring are enclosed in a primary marsupial sac. This is enlarged with 
die development of the embryos, and becomes a secondary marsupial sac. 
This also continues to enlarge and becomes a tertiary marsupial sac. Each 
marsupial embryo enclosed in this sac grows and becomes liberated into 
the inner branchial chamber as an extra-marsupial embryo in the autumn 
of the same year. The same sequence of events occurs also in the case of 
the eggs fertilized in autumn, save in the slowness in growth in the period 
of hibernal ion in the winter and m the birth in the spring of the next 
year. Fig. 6 is prepared in order to illustrate the connexion between 
the month and the presence of embryos at different stages. The formation 
ol the primary marsupium usually occurs ai three or four different times 
in one period of reproduction. 

Groknewegen (192(5) reports that the fertilized eggs of Sphaerium 
rivicola are found from the middle of May until the end of autumn in 
Leipzig. Thiel (1930) reports two periods of reproduction, in early summer, 
and autumn, in reference to Sphaerium corneum in Hamburg. According 
to Foster (1932), Sphaerium solidulum reproduces in two seasons of a 
year, but in Illinois the period of maximum reproduction occurs in the 
winter months. These investigators coincide invariably in recognizing the 
double occurrence of the reproductive period throughout the year, although 
the season of maximum reproduction may differ in different species or in 
different localities In my case, the fertilization of the eggs and the birth 
of the voung mussels of Mmculium heterodon occurred in the two seasons, 
spring and autumn, m Sendai; the fertilization is most remarkable in 
June and the birth in October. 

The young mussels which have been brought forth in the spring (spring 
breed) continue to grow during the summer, attain their first sexual 
maturity in the autumn, and their young mussels are born in the spring, 
next year. Soon after this first delivery, some new eggs are enclosed in 
a new marsupial sac, and continue to grow until the autumn, in which 
they are born. Those which have been brought forth in the autumn 
(autumn breed) grow successively, except during the period of hibernation, 
attain their first sexual maturity in the spring, next year, and reproduce 
their young in the autumn. In the second year, thus, both breeds are 
capable of reproduction in the two periods, spring and autumn (Fig. 7). 
The natural death of large, aged mussels occurs twice a year, in April 
and November. The exact duration of natural life of this species, however, 
is quite unknown to me at present, because of want of success in culturing 
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mussels in laboratory water. 

The mussels which have attained their first sexual maturity measure 
more than 2.5 mm. in length, and those which are breeding their embryos 
are more than 3 mm. The size and number of embryos, forming a brood, 
differ in different individual mussels, even when the marsupial sacs are 
seemingly of simultaneous formation and of the same size. DiKerences 
in size are also perceptible to some extent in the embryos, even in a 
given marsupial sac of a given individual The number of embryos on 
either side of the body is usually equal m a given individual, but occa- 



Jan Feb Mar A 

pi May 

Jun Jul 

Aug Sept 0( t 

Vov 1) 

■< 

Spring 

bieed 


rmrni 

MM TOM 1 

[ 1111111 

[ 1st yeai 

III III |T 



| 2nd y<\n 

Autumn 

bleed 

~ 7 _ 1 

iffl urn 

- .1 * sl y e - u 


| 2nd yeai 


Peuod of Period of growth l, rr r a Pcuori ol [Tj T j TTn Period of 

growth I s , Jl-n and reproduction I—hibernation Mh natmal death 



Fig 7. Diagram to illustiato the relation between pounds of growth, hibernation, 
lepioduction, and natural death 

sionally a difference of two or three embryos happens to be found. The 
number of embryos in a brood is always smaller in the mussels measuring 
3-5 mm. m length than in the larger mussels. Table i is given m order 
to show that the number of embryos, which were contained in the tertiary 
marsupial sac, increased with the growth of the mother. 

Table 1. 

Changes m number of embryos in tertiary sac , invariably on left 
side of mussels measuring 6 mm or more vn length, 
collected on October 15 , 1933. 


Length of adult mussels in mm 

(>±0.2 

7±0.2 

8±0.i! 

DAO. 2 

Maximum number of embryos 

8 

10 

10 

w 

Minimum number of embiyos 
Aveiage number of embryos 

a 

4.7 

5 

r> 

8 

fiom 20 adult mussels 

(3.4 

7.0 

10.5 


THE STRUCTURE AND DEVELOPMENT OF THE MARSUPIAL SAC 

The marsupial sac is the breeding organ in the Sphaeriidae, which 
was found at first by Jacobson (1828) in Sphaerium corneum. It begins 
to form in the anterior floor of the inner branchial chamber, being stim- 



MUSCUUUM IlETERODON : GILL, BREEDING HABITS AND MARSUPIAL SAC 381 


ulaicd probably by the arrival of the fertilized eggs. As already staled, 
il passes m its development through the three stages of the primary, 
secondary and tertiary sacs (lug. d) 

At the very beginning of the 
formation of tin 4 primary sac, 
the eggs come first into the 
inlet space between the inter- 
lamellar junctions, and then the 
walls of the adjacent junctions 
are eroded or destroyed by some 
mechanism, which is unknown to 
me, hut it appears to he a fact 
that the erosion or destruction is 
aided by the action of the blood 
corpuscles, because the wall, which 
begins to enclose the eggs, in¬ 
variably thickens, especially as 
the result of an addition of a 
number of blood corpuscles, and 
the original primary sacs are 
formed by the cells of this 
thickened wall (Fig. <S). 

At first, usually three or lour small primary sacs are formed independently 
of each other, each sac containing four or more eggs. Later, these sacs 
fuse 4 with each other in the progress of growth, and form a large primary 
marsupial sac, which contains often more than fifteen embryos. By this 
time, it swells out distinctly into the inner branchial chamber. Its wall 
is a thin, unicellular epithelium with its basement membrane, and is con¬ 
tinuous with that of tin 4 interlamellar junctions, showing a structure similar 
to the latter (Fig. 9). There are always found, besides the developing 
eggs, a number of blood corpuscles that have wandered into the primary 
sac from the intrafilamental space. The complete primary marsupial sac 
thus formed, still continues to enlarge, and at last comes to be called the 
secondary marsupial sac. 

The structure of the secondary marsupium is remarkably different from 
that of the primary. Its wall consists of two different layers, outer and 
inner, apart from each other, lining the interspace, except at the fusing 
points of the two layers which are frequently seen (Figs. 10 and 11 /). 
The outer layer is of a similar structure to the wall of the primary sac. 


ih< ijh 



Fig 8. Section perpendicular to bianchial 
filaments, to show formation of pumaiy mar¬ 
supial sat* x 6G e ieilihzed egg, ibe innei 
bianchial chamber, ijh wall ol inteilamellar 
junction broken, ijt wall of interlamellai junc¬ 
tion thickened 
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llj 

Fig 9 Section perpendicular to bianchial filaments, showing position (A) and 
stiucture (B) of primary marsupial sac A x66, B X270 bl blood coipuseles, de 
developing eggs, lafs intiafilamental space, ilj mteilamellai junction, it fs inletfilamental 
space, sw wall of pumary marsupial sac. 


df f ll is de f ol ibe af 



Fig 10 Section perpendicular to branchial filaments, showing secondary mai- 
supial sac. x66. af ascending filament, bl blood corpuscle, c connexion of mteispace 
between inner and outer layeis of secondary marsupial sac with mtrafilamental space 
of mterlamellar junction, de developing embryos, df descending filament, f fusing 
point of inner and outer layers of secondary marsupial sac, zafs mtrafilamental space, 
the inner branchial chamber, %l inner layer of secondary marsupial sac, irfs inter- 
filamental space, is interspace between inner and outer layers of secondary marsupial 
sac, ol outer layer of secondary marsupial sac 



MUKCULIUM UETKHODON (JILL, BREEDING HABITS AND MARSUPIAL SAC 383 


I he inner layer is irregularly folded, and composed of various cells (Fig. 
11). OI these cell components, at least, three types are distinguishable: 
viz. the ordinary type, the compound type, and the transition type Irom 
ordinary to compound. 

Hie cells ol ordinary type (Fig. II of) are airanged unicellularly and 
lorm the thinner parts near the (using points ol the inner and outer layers 
(Fig. 11 f). Fach cell is furnished with a distinct cell membrane, with 
an amount ol dense cytoplasm and with an oval or spherical nucleus, 
which contains a nucleolus and granular chromatins. 

The cells of compound type (Fig. I I og) are also arranged unicellularly 
and form the thicker parts of the inner layer, sometimes measuring 90 /A 


ol I ol ol VJL» 1)1 IS 



Fig, 11 Section of wall ol secondary maisupial sac, to show Us cellulai 
structuio '<(>00 hi blood corpuscle, f cell in fusing point of inner and outoi 
layers, is inlet space between innei and ouiei laveis, of 11 ot ordinal v type 
forming innei layer, og tell ol compound typo forming inner layer, ol outoi 
layer, t compound cell of transition (ype, yg cells ol ordinary type aggregat¬ 
ing into mass, .showing Iransilion to cell ol compound Ivpe 

Each member of this type is almost columnar or cubical, being furnished 
with a distinct outer membrane, with an amount of cytoplasm highly 
vacuolated, and with a compound nucleus. This compound nucleus consists 
naturally of a number of ordinary nuclei fused with each other into an 
irregularly shaped mass. In most cases, the membrane of each ordinary 
nucleus is fading or has faded away, the nucleolus, which is much increased 
in size, remaining. 

As to the cells ol the transition type, two cases are shown in Fig. 1L 
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One is the case (yg), in which cells of the ordinary type are aggregated 
into a syncytial mass with only an outer membrane. The other js the 
case {t), in which the behaviour of the cell resembles that o( the compound 
cell, but the cell contains three compound nuclei and somewhat dense 
cytoplasm without vacuoles. If the nuclei were fused into one and the 
cytoplasm were vacuolated, it would be merely a compound cell. 

The interspace (Figs. 10 and 11 is), which is found between the inner 
and outer layers, is continuous with the intrafilamental space of the inter- 
lamellar junctions, to which the marsupial sac is attached. The wander¬ 
ing blood corpuscles may, therefore, be introduced directly into the 
interspace of the marsupial sac from the intrafilamental space of the 
junctions. 

The secondary marsupial sac assumes rather a pear-shaped form, bulging 
out into the®mner branchial chamber with its wider end and being at¬ 
tached to the interlamellar junctions at its narrower end, which may be 
called the sac stalk (Fig. 12 st). 



Fig 12 Schema illustrating giowth of maisupial sac Developmental stages pass 
A to C ai-r, primary marsupial sac'of A becomes sccondai y marsupial sac of B and 
then tertiaiy marsupial sac of C. 61-2 newly formed pnmaiy maisupial sac <>( B 
becomes secondary marsupial sac of C C] newly formed pnmaiy maisupial sac af 
ascending filament, df descending filament, ilj mteilamellar junction, st sac stalk 

Originally, the primitive secondary sac has its own sac stalk, attached 
to the interlamellar junctions where it originated, being then termed tire 
primary,, marsupium. This sac stalk is no longer connected with the 
original^attaching point, when a second sac stalk is established at a point 
where the sac is newly attached to the descending lamella of the inner gill. 
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I hen the third sac stalk forms, and the second disappears Thus, the 
secondai v sac gradually moves upwards along the descending lamella, be¬ 
cause this sac is enlarged and so requites more space in the upper part 
o( the inner branchial chamber (Fig. 12) As a rule, the sac stalk is 
never formed in conjunction with the ascending lamella. 

1 he sac stalk is reformed m the following manner: the upper wall of 
the mterlamellar junctions, next to the original attaching point at first 
becomes thickened by the addition of a number of blood corpuscles. This 
thickened wall touches the wall of the secondary marsupial sac, which is 
pressing upwards, and then both walls fuse with each other. Thus the 
reformation of a new sac stalk is accomplished by the addition of blood 
corpuscles to the mnex layer of the sac 

The secondary sac thus occupying the uppermost position in the inner 
branchial chamber continues to he further enlarged in harmony with the 
growth of the embryos, till it is termed the tertiary marsupial sac 


o! is 



Rig IB. Section ol wall ol tertiary marsupial sac, to [show.iLs oelluldi sliuo- 
lure. y (>()() < compound coll, /.s* inlet spare between inner and outer layeis, ol 

outer layer, r residue ol compound < oil 

The tertiary marsupial sac contains the embryos approximating to the 
shape of the adult. Its wall is irregularly folded, owing probably to a 
rapid growth ol the embryos. The structure of the wall is almost similar 
to that ol the secondary sac (Fig. J3). Two peculiarities may, however, 
be described m connexion with the inner layer of the tertiary sac. One is 
the presence of the vacant cells (r), which are the residue of the compound 
cells, with their contents gone, only their peripheral portions remaining. 
The other is the transparency to a larger extent of the inner layer, where 
it is composed of compound and vacant cells. This transparency is due 
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to a thinning of the layer much expanded, and we can see clearly the 
embryos within the sac through its wall 

THE ORIGIN OF THE INNER LAVER OF THE MARSUPIAL SAC AND OF 
THE NUTRIMENT LAYER OF THE INNER BRANCHIAL CHAMBER, 

AND THE NOURISHMENT OF THE EMBRYOS 

Though it has been confirmed for some time that the outer layer of 
the marsupium originates from the cells constituting the wall ot the inter- 
lamellar junctions of the inner gill, yet the origin of' the inner layer has 
been variously explained. According to Poyarkoff (1910), the inner layer 
originates from nothing else but from the blood corpuscles. Sciiere- 
SCHEWSKY (1911) is of opinion that some mesodermal cells, which arc 

retained in the wall of the inter- 
lamellar junctions, form this layer. 
Groenewegen (1926) has opposed 
Poyarkoff’s view even though he 
also recognizes that the blood cor¬ 
puscles are the nutriment of the 
embryo, and is of opinion that the 
inner layer originates from the cells 
constituting the mterlamellar junctions 
as does the outer layer. His objection 
is based on the point that it is impos¬ 
sible for the wandering blood cor¬ 
puscles to adhere to the permanent 
epithelium, and that the transitory 
forms from the blood corpuscles to 
the cell components of the inner layer 
appear very unsatisfactory. My own 
observation concerning the origin of 
this inner layer supports Poyarkoff’s 
view, because of the presence and 
rearrangement of the blood corpuscles within the primary marsupial sac 
round the developing embryos (Fig. 14), and of the presence of cells show¬ 
ing a transition from the blood corpuscles to the compound cells (Fig. 11). 

The primary sac, after the complete closing of the wall, grows gradually 
towards the inner branchial chamber, as above mentioned, and, at the same 
time, the number of blood corpuscles increases within it. This increase 
may be caused by the wandering out of the blood corpuscles into the sac 



Fig. 14 Section of pnmaiv maisupial 
sac, to show reanangement of blood 
corpuscles into innei layei of secondaiy 
marsupial sac X400. hi blood coipuscles, 
e developing egg, w wall of pnniaiy 
marsupial sac 
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(rom the mtralilamental space (Fig. 9 bl). These blood corpuscles begin 
to gather and rearumgo themselves around the embryos (Fig. J4) and 
form lhoi e a primitive inner layer which is composed of cells of the 
ordinary tvpe. It may, t herd ore, be positively stated that the inner layer 
o( the secondary and tertiary sacs originates I rom the blood corpuscles 
enclosed m the primary sac. In the secondary sac, the blood corpuscles, 
which are introduced into the interspace between the outer and inner 
layers, may be used, as supplementary elements, to extend the wall in 
harmony with the development of the embryos. The cells at the fusing 
points of the two layers (Figs. 10 and 11) resemble the cells of the ordinary 
tvpe of the inner layer, and probably indicate the existence of a transitory 
stage (rom the wandering blood corpuscles to the cells forming the inner 
layer 

That there is a secretory action on the part of the compound cells 
forming the inner layer of the secondary sac has already been suggested 
by SniERKsniEWSKv (1911). The secretions may be used as the nutriment 
of the early embryos. 


11 ol 



Fig 15. Sootion of lor tuny marsupial sac, lo show globular substance 
within it X (>(>. o marsupial oinbryos in laid stage of development, gs glob¬ 
ular substance, it inner layer oi tertiary marsupial sac, ol outer layei of 
tertiary marsupial sac 


In the tertiary marsupial sac, near the embryos of the later stage, are 
often found many scattered globules (Fig J5), which were first detected 
and described by Stepanoff (1865). Since then these globules have been 
recognized as being the food of the embryos. Two kinds of globules are 
lound (Fig. 16) ; one the blood corpuscles proper, and the other the cell 
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contents fallen away from the compound cells On the other hand, the 
presence of the residue of the compound cells reveals the gradual consump¬ 
tion of the matter of the inner layer. 



Thus, the embryos grow at the expense 
of the inner layer, and finally come to 
be called the extra-marsupial embryos. 

In the mussels, which have passed 
the first birth of their young mussels, 
is always found, adhering to the outei 
surface of the wall ol the visceral sac, 
a layer, which consists of various cells 
(Fig. 17), similar to those observed m 


Fig. 16. Diffei ent globules highly the case of the inner layer of the mar- 
magnified x600 supial sac. The extension of this layer 


etc hi 



Fig 17 Section of wall of visceral sac lining the mnei branchial < hamboi X (500 
bl blood corpuscle, etc connectne tissue cell, ibe inner branchial ehambei, nl nuliunent 
layei, of cells of oidmaiy type forming nutriment layer, eg cell ol compound iype 
foiming nutriment layei, ol ordmaiy epithelium ol visceral sac, yg c-ell.s ol ordinary 
type aggiegating into mass showing transition to cell ol compound type 1 

is limited to the area, where it lines the inner branchial chamber, and 
from its availability, as a source of nourishment, it may be called the 
nutriment layer. The nutriment layer is never found in mussels younger 
than those which are preparing for the first birth. 

The formation of the nutriment layer is nearly similar to that of the 
inner layer of the marsupium. At first, the blood corpuscles migrate from 
the haemocoel of the visceral sac, and form a unicellular layer consisting 
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of cells of the ordinary type, beginning from the postero-dorsal side of 
the area, and finally this layer extends all over the limited surface. While 
the layer of ordinary cells is extending outwards, in the area of its older 
formation, each member is being transformed into the compound cell, and 
by the time of the arrival of the extra-marsupial embryos in the inner 
branchial chamber, the whole area of the full-extended nutriment layer 
becomes composed completely of compound cells and of their residues. 
After the decay of the residual compound cells, their original position is 
supplemented by cells of the ordinary type, which are clearly blood cor¬ 
puscles which have migrated from the haemocoel of the visceral sac. By 
the further addition of the blood corpuscles, they form there syncytial cell 
masses, which are finally transformed into compound cells. If the inner 
layer dearly originated from the epithelial cells of the interlamellar junc¬ 
tions, the nutriment layer might also originated from the outer epithelial 
cells of the visceral sac. But this is never the case, and the result of 
my investigation decisively points to the conclusion that both the inner 
layer of the wall of the marsupial sac and the nutriment layer of the 
inner branchial chamber originate invariably from the blood corpuscles. 

The nutriment layer, thus formed, may supply nourishment to the 
extra-marsupial embryos, as the inner layer of the marsupial sacs does to 
the marsupial embryos. It may therefore be concluded here that all through 
its developmental stages, Musculium heterodon is nourished at the expense 
of the blood corpuscles of the mother. 

SUMMARY AND CONCLUSIONS 

1) A study of the process of supplying nutrition to the embryos of 
Musculium heterodon has been carried out. 

2) The structure of the gill is of the “ Anodonlart ype ”, but the inner 
gill is much larger than the outer, and contains a remarkably spacious, 
inner branchial chamber. 

3) The marsupial sacs, which enclose the embryos and afford nutri¬ 
ment to them, are formed in the inner branchial chamber. 

4) The embryos, while they are receiving nutriment in the marsupial 
sac, are called the marsupial embryos. 

5) The embryos, which are outside the marsupial sac, but which are 
retained in the inner branchial chamber, are called the extra-marsupial 
embryos. 

6) In Sendai, the fertilization of the eggs and the birth of the young 
mussels appear in the two seasons, spring and autumn. 
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7) The spring breeds bring forth the young mussels in the spring of 
the next year, and the autumn breeds in the autumn ol the next year. 

8) Three stages of development of the marsupial sac are distinguished 
in the order of formation. 

9) The primary marsupial sac is of the latest lor mat ion, and is the 
smallest, originating from the mterlamellar junctions in the anterior floor 
of the inner branchial chamber. It contains developing eggs in the stages 
of cleavage. Its wall is single-layered. 

10) The primary marsupium begins to form as soon as the fertilized 
eggs have reached the interspace between the interlamellar junctions. 

11) At first three or four smaller primary marsupial sacs are formed 
at different times in one period and independently of each other. 

12) While these smaller sacs are enlarging, they fuse with each other 
and form a larger primary marsupial sac. 

13) The secondary marsupial sac is attached to the descending lamella 
of the inner gill, being dislocated upwards from its original attachment to 
the floor of the inner branchial chamber, and contains embryos in the 
stages later than gastrula. Its wall is double-layered, outer and inner. 

14) The tertiary marsupial sac is of the earliest formation, and is the 
largest, being dislocated to the uppermost part of the inner branchial 
chamber, and attached also to the descending lamella. The embryos 
contained within it nearly attain the shape of the adult. Its wall is also 
double-layered, outer and inner. 

15) The outer layer of the secondary and tertiary marsupial wall is 
actually the wall of the primary marsupium, which was originally constituted 
of the epithelial cells of the interlamellar junctions, and which bulged out 
into the branchial chamber. 

16) The inner layer of the secondary and tertiary marsupial wall is 
composed of cells of various types, viz. cells of the ordinary type, those 
of the compound type, and those of a transition type between the two. 

17) Vacant cells or residues of compound cells are found in the inner 
layer of the tertiary marsupium. 

18) The inner layer originates from the blood corpuscles of the mother, 
which have wandered into the primary marsupium. 

19) The inner layer, later, is supplemented by the blood corpuscles 
which were introduced into the sac, while the secondary marsupium was 
rising upwards along the descending lamella of the inner gill. 

20) The rising of the secondary marsupium is effected by the re¬ 
formation of a new sac stalk and the disappearance of an old sac stalk. 
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tlit* now attaching point to the interlamellar junctions being altered suc¬ 
cessively from the lower part to the upper part of the branchial chamber. 

21) The nutriment layer of the inner branchial chamber originates 
from (he blood corpuscles migrating from the haemocoel of the visceral 
sac to its outer surface. 

22) The marsupial embryos are supplied with their nutriment from 
the inner layer of the marsupial sacs, and the extra-marsupial embryos 
from the nutriment layer ot the inner branchial chamber. 
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INTRODUCTION 

It was already found that the catfish, Parasilurus asotus (Linnk) in 
an atiuarium showed various hut eharacteristic reactions to a knocking 
sound in advance of the occurrence of an earthquake (IIatai and Abe, 
1932). Further research shows that such reactions seem to occur as the 
result of electrical stimulus produced by the earth currents (’32). Uzuka 
(1934) has studied on the responses of the fish to weak electric currents 
or to metallic rods, and have found similar as that first found by Parker 
(1917) that the negative responses occur oftcncr if the stimulus is stronger, 
conversely the positive responses occur more frequently with weaker stim¬ 
ulus. 

It was our next question to study the galvanotropic nature ol the 
catfish and the results of the research arc reported in the present paper. 

This experiment was carried at the Asamushi Marine Biological Station 
from the end of February to May in 1934. During the course of this 
investigation 1 was kindly guided by Professor SmNiasin IIatai, whom 
1 wish to express my sincere thanks. Here 1 also wish to thank Assistant 
Professor Seiji Kokubo and other members of the staff for their helpful 
suggestions and to the Sacco Gratitude Foundation for the grant with 
which the present investigation was made. 

METHOD OE THE EXPERIMENT 

A woollen aquarium of 1 metre in length, 60 cm. in breadth and 15 cm. 
in height was used. An iron wire-net of 60 cm. in breadth and 15 cm. 
in height was used for the electrodes. The bottom of the aquarium was 
lined 10 cm. apart for the sake of determining the exact pass ways of 

R Contribution from the Marine Biological Station, Asamushi, Aomori-Ken. No. 118. 
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the fish. The room was darkened and a 100 w. electric lamp was hung 
about 1 metre high from the water surface in the middle of the aquarium. 

During the experiment, the aquarium was filled with fresh water 4 cm. 
deep. The catfish was placed in the middle part of the aquarium facing 
its head to a given direction and then a direct current was transmitted, 
first weak but gradually increased till the fish showed locomotion. I be 
minimum intensity of current by which the fish shows locomotion is taken 
as the value for the galvanotropismic response. The minimum current 
which caused the fish to motion was kept unchanged and the directions 
of locomotion of the fish was noted. The resistance of water between 
both the electrodes was about 5000 to 7000 ohms at 4.3 C to 8 0 0. 

RESULTS OF THE EXPERIMENTS 

1. General description on the influence of an electric current to the 
catfish. 

When the catfish is tested by the method above stated, the fish does 
not show any visible reaction to the current of very weak intensity, but 
if it was gradually increased the fish firstly reacts to it by (l) moving the 
upper barbels or fins, then, (2) swimming locomotion. Further increased 
intensity causes (3) electronarcosis, and finally (4) ends in death. 

Table 1 shows the relation between the intensity of a current and the 
first reaction or movement of fins or barbels and the second reaction or 
swimming locomotion. 

Table 1. 

The first and second reactions of the catfish to electric current. 


Number 

of 

animal 

Body 
length 
in cm 

Direction of 
cm rent 

First reaction* 
Movements ot fins 
oi barbels 

V | M.A [ o 

Second reaction: 
Swimming locomotion 

V I MA ?. 

1 

13.0 

Ascending 

10.39 

1.86 

0.078 

17.60 

8.21 

0.134 

Descending 

9.35 

1.78 

0.074 

19.5S 

3.69 

0.154 



A 

19.08 

3.50 

0.146 

21.81 

4.42 

0.184 

2 

14.0 







D 

16.41 

3.16 

0.131 

26.10 

5.02 

0.209 


15.2 

A 

10.22 

1.97 

0.082 

19.44 

3 74 

0.156 


D 

21.42 

4.20 

0 175 

31.62 

6.20 

0.25S 

4 

16.1 

A 

13.20 

2.40 

0.100 

23.05 

4.19 

0.175 


i 

D 

14.96 

2.77 

0.120 

19.44 

3.60 

0.150 
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Numlx'i 

ol 

animal 


5 


(5 


7 


S 




Average 


Body 

length 

Direction of 
< un ent 

Fn 

Mov 

st rcaclio 
»ments o 
>r barbeb 

n 

lins 

Sec < 
Swnnn 

>nd reaction 
nng locomotion 

in ( m. 


V 

M A 

ri 

V 

MA 

5 

10.0 

Ascending 

8 00 

1.05 

0.000 

10.80 

8.00 

0.125 

1 )os( ending 

21. 10 

8.08 

0.100 

21.10 

8.08 

0.166 

17.7 

A 

<>.46 

1.82 

0.070) 

15.42 

2 07 

0.124 

1) 

12.10 






2.25 

0.001 

18.88 

2.57 

0.107 

17.8 

A 

0.21 

1.71 

0.071 

20.84 

8.86 

0.161 

1 ) 

20.40 

8.70 

0.158 

20.40 

8.79 

0.158 


A 

7.50 

1.82 

0.055 

8.05 

1.45 

0 060 

21.fi j 








n 

7.-18 

t .40 

0.058 

10.85 

1 05 

0.081 


A 

10.00 

2.00 

0.088 

25.05 

5.18 

0.214 

80,2 






i) 

12 88 

2.70 

0.112 

27.55 

5.00 

0.242 


A 

10.00 

2.08 

0.084 

18.07 

8.55 

0.148 

18.01 








I) 

15.10 

2.80 

0.121 

21.00 

4.08 

0.165 


L body length of the fish V voltage between tho electiodes (in volts) 
M A. cmii'nl intensity between lho electrodes (in mdlnimpore) 
h current density pot one* millimetre squaw' (in microampere) 


M.A. 



Fig. 1. Relation between current intensity and the repetition of tests 
The order of trials 

m -L--20.5 cm. —-- Ascending current 

o* *L 20.0cm. Descending current 
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In Table 1, it is seen tliat there is clear difference of current intensity 
between the first reaction and the second reaction. In the present expe¬ 
riment, I have paid my attention mainly to the second reaction or swim- 
ming locomotion. 

In each experiment both the ascending and the descending currents 
were transmitted 5 or 10 times repeatedly on the same individual. In 
general the values of the current intensity vary requiring somewhat increas¬ 
ing intensity as the number of tests increased. For example, the behaviour 
of two catfish is shown in Fig. 1. 

In the tables, I have, however, given only the mean values of 5 or 
10 times of the experiments as the values for the second reaction. 

2. Relation between the current intensity and the body length, of the fish. 

Relation of the electric current intensity of the body length of the 
fish is shown in Table II 


Table II. 

Relation of the electric current intensity to the body length of the fish. 


Number 

Body 

length 

Direction 

Tern- 

Voltage 

between 

elect¬ 

rodes 



Cun on t 
intensity 

Cuuon1 
density per 

of 

of 

perature 

C\ 

Vo 

Vo/L 

between 

one mm 

animals 

m cm. 

a) 

current 



electrodes 

milliampere 

6 micro* 
am pei e 

5 

12.5 

Ascending 

10.7 

22.05 

2.77 

0.220 

4.17 

0.174 

Descending 

10 9 

24.17 

2.89 

0.2U8 

4.67 

0.194 



A 

9.4 

18.98 

2.94 

0.190 

3 07 

0.145 

5 

15.7 

D 

9.5 

22.28 

3.45 

0.222 

1.21 

0.175 


18.7 

A 

0.8 

15.78 

2.93 

0.158 

2.88 

0.120 

5 









D 

7.0 

15.76 

2.94 

0.158 

2.88 

0.120 

c 

| 

20.2 

A 

5.9 

10.69 

2.16 

0.107 

1.78 

0.074 

D 

D 

6.0 

12.25 

2.47 

0.122 

3.07 

0.088 

6 

22.3 

.j_ _ 

A 

6.4 

14.16 

3.18 

0.142 

2.62 

0.110 

D 

6.6 

18.64 

4.16 

0.186 

3.49 

0.145 


2S.5 

A 

8.4 

17.74 

5.08 

0.177 

3.24 

0.14 4 

7 


! 8.S 

1 

1_ 

19.69 





, 

1 D 

i 

5.60 

0.197 

3.71 

0.154 

ua 

- 19.7 

n~ 

7.9 

16.58 

3.IS 

0.166 

3.05 

0.128 


1 

D 

8.1 

18.80 

3.59 

0.187 

3.51 

0.140 


Vo=potential drop per 1 era along the stream lines of the current in the aquarium 
without fish (in volts). 

Vo/L = potential drop per 1cm. along the fish body (in volts'). 
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Thu values of an actual volt ape that acts on the fish given by W. 
IIolzkk (1931) is much less than the values calculated as Vo from our 
own data. 

I'or convenience tho data given in I able 11 was divided into two groups, 
the smaller group, the fish which body length ranges from 11 cm. to 23 cm, 
and the larger grout) from 27 cm. to 30 cm. 

The relation between the current density and the body length given 
by the two groups are shown m Pig. 2. 



Body lentil in ems, 


Kif*. Relation of flu* current density to the body length of the fish. 

• • showed locomotion. • •showed no locomotion 

Fig, 2 shows Hourly that the relation between the current intensity 
and the body length with the smaller group is approximately hyperbolic 
to 1 and o axis; namely the smaller the individual the higher is its intensity 
in order to produce the locomotive reaction. In the larger group or beyond 
23 cm. in body length such hyperbolic relation is not seen, indicating that 
weaker current enables the larger fish to move than that required by the 
smaller fish. The similar relation that is the relation of current density 
to the body length given in the above is seen when the relation between 
the values Vo/cm. (=»'Vo/L) and the body length are plotted. 

The fact that with the catfish the values of the current density differ 
with the different sizes of the body does not entirely agree with the values 
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shown by other kind of the fish tested by many other authors but I am 
unable, at present, to make any suggestion for such differences. 


3. Directions of locomotion. 

i) Individual characteristic of locomotion. The swimming road ions ol 
the catfish by an electric current, may be divided into five types, (1) fore¬ 
ward locomotion, (2) backward locomotion, (3) retreating locomotion, (1) 
right-ward locomotion and (5) left-ward locomotion. 

The pass way of locomotion as well as the direction ol locomotion 
more or less varies almost in all cases tested. We will show two typical 
examples of locomotion in Fig. 3. 



Fig 3. Dnection of locomotion of catfish by oleetnc cui rent 
A & a L —19 5 cm A & B Ascending cm rent. 

B & b L™20 5cm a & b Descending current 


In Fig. 3, it is seen clearly that the directions of locomotion as well 
as the pass ways taken by the catfish A are clearly different from those 
shown by B and b. Such differences shown by different catfish seem to 
us to be attributable to the manifestation of individual characteristics, and 
not to the difference of conditions of the experiment as the tests were 
made under nearly as idential conditions as possible. 

ii) The directions of locomotion on galvanotaxis. The directions of 
locomotion by 33 catfish by an electric current are shown in Table III. 

It will be noticed from the table that when the fish took the final 
direction 37 % of trials were foreward locomotion in the ascending current 
and 46°/£ trials were backward locomotion indicating that the catfish did 
not show positive galvanotaxic nature. In the case of the descending 
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'Faulk III 

The directions of locomotion by an electric current , 


c 

U cti 

s e 

i 

0 ! | t 

Firsi ditcclion j Final direction 

No, ol cases (he* iish moved lowaid different diroclion 

cases 

cases 

showed 

motion 


.5 o j 




i 





- 

la 

o-g 8 

t I t-. QJ 

Fore- 

Back- 


Loll 

Total 

Foie- 

Back- 

Right- 

Left* 

-M 

0 



1 u 

1 

waid 

ward 

ward 

ward 

cast's 

ward 

wai d 

waid 

waid 

H 

N< 

the 

no 

r, 

12.5 A 

0 

1 

a 

0 ! 

9 

o 

1 

4> 

0 

10 

11 


I) 

8 

0 

i 

1 j 

10 

9 

1 

0 

0 

10 

10 

5 

A 

15.7 

12 

4 

7 

5 

as 

Id 

11 

0 

1 

28 

4 


1 0 

10 

4 

5 

*> 

21 

in 

7 

1 

0 

21 

9 

r> 

! A 
IS. 7, 

0 

O 

1-1 

0 ! 

28 

n 

14 

0 


28 

8 


i » 

1 l 

0 

5 

5 

2-1 

22 

0 

1 

1 

21 

11 


L ; A 

r> 

r> 

as 

5 

da 

15 

18 

10 

0 

4a 

9 

5 

150 . y; 



ai 









I) 

o 

0 

4 ! 

i 

ad 

8 

10 

16 

0 

24 

15 


^ J A 

i 5 

7 

«C) 

8 ' 

49 

14 

2 a 

10 

2 

49 

11 

0 

|22,a 


0 

8 

1 







1 i) 

: o 

1 i 

9 

1 

4 

4 

0 

9 

27 


, 1 A 

n 

9 

15 

<> ! 

41 

11 

25 

5 

0 

41 

4 

7 

US. 5 




| 







! 1) 

i 

4 

a 

(5 

i ( » 1 

1 

19 

12 

7 

0 

0 

19 

25 


' A 

*15 

as 

i 

95 

no j 

198 

7a 

92 

27 

0 

198 

47 


j 1 , , 

oo 7 r « 

m . i r« 

18.0% 

in, a v 


no. u% 

-1(5.5% 

ia.6% 

a.o% 


ao.5% 

an 

IS) .7 




' | 









! 1) 

*12 

7 


19 I 

111 

or> 

29 

22 

i 

117 

107 


i 

n7.se, 

o.n% 

ns.7% 

17.1%, 


65.6% 

21.8% 

18.8% 

8.0% 


09.5% 


cumrnl, however, 5(W wore foroward and only 25 % were backward 
locomotion indicating in this case' stronger tendency ol positive galvano- 
laxis. In the first direction 14%> of trials showed locomotion in the 
ascending current against %\°/o of foreward locomotion and in the desend¬ 
ing current only (>% of trials showed the backward locomotion against 
38Cv tj of foreward locomotion. From the above facts, it seems safe to 
consider that the catfish show a strong tendency towards foreward locomo¬ 
tion due probably to the results of combination in both foreward locomo¬ 
tion and the galvanotaxic nature. Namely the two factors are probably 
acting on the movement of fish in the following manner: in the case of 
an ascending current, 

Positive galvanotaxic nature-foreward locomotion and in the descend¬ 
ing current, 
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Positive galvanotaxic nature +foreward locomotion. 

If the relation shown above were accepted, then it follows that the 
catfish behave m a positive galvanotaxic natuie. 

It will be seen also that the catfish under the action ol the electric 
current show either the left-ward or the right-ward locomotion instead of 
either foreward and backward locomotion. When both the ascending 
and descending currents are combined the former showed 1 UK cases while 
the later showed 49 cases in their first direction and 19 cases and 7 eases 
in their final direction respectively. It seems worth noting that the cases 
of right-ward locomotion are far more frequent than in the cases of left¬ 
ward locomotion in both the first and final locomotion and also in the 
ascending current than in the descending current. 

It is seen often that when a wooden rod is brought near to the head 
from the front side the fish shows retreating movement, but under the 
action of the electric current, I have seen but only once that tin' catfish 
retreated about 15 cm. when at the same time a knocking sound was made. 

4. The reaction of catfish in relation to the ascending and descending 
currents. 

The fact that the reactions of animals differ whether they were stim¬ 
ulated by the ascending current or by the descending current was already 
noted by J. Loeb and W. E. Garrey (1896) with Amblystoma. With 
the catfish the following facts were noted. 

i) Current intensity. Intensity of an electric current that makes fish 
move differs according to the direction of the current. In general far 
stronger intensity is necessary m the case of a descending current than 
in the case of an ascending current. We have found only 5 exceptions 
to this general rule (Table II) out of -33 individuals employed. Averages 
taken from 33 individuals gave the following values: 


Table IV. 


Xo. of 
catfish 
used 

Body 
length 
in cm. 

CO 

i Direction 
, of the 
cuirent 

Temp 
C . | 

Voltage 
belween 
electrodes 
! volt 

i_ 

! VO 

. 

I 

Vo/L 

Current 

intensity 

between 

electrodes 

milhampere 

Cui rent 
density 
per mm- 
m micro¬ 
ampere 

33 

19.7 

Ascending 

7.9 

! 16..5S 

; 

3.18 

0.1(16 

3.05 

0.128 


Descending 

8.1 

j IS.80 

3.59 

0.187 

3.51 

0.146 


Vo=potential drop per 1 cm. along the stream lines of the current m the aquarium 
without fish (m volts). 

Vo/L=Potential drop per 1cm. along the fish body (m volts). 
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The fact that the different degree of intensity is required m order to 
product* the same kind of reactions, according to whether the catfish was 
stimulated asrendingly or descendingly was repeatedly demonstrated in 
our laboratory. Nomura and Isihkawa (1933) found that 2.10 volts in 
ascending and 2.01 volts in descending were required m order to produce 
a convulsive movement when the catfish were tested in a very small 
aquarium of 30 mm. long, hern, wide and 5.5cm. deep. 

Recently Kokubo (1931) found that 3.8 volts in ascending and 19.5 
volts m descending were required in order to produce “jumping reaction” 
of catfish il the fish was tested in a small aquarium of 23 cm. long 8 cm. 
wide and 12 cm. deep. 

Owing to the different kind of reactions sought and different sizes of 
aquariums used, the values given above can not he directly compared, 
nevertheless all the results show that the same reactions are produced 
with less intensity of stimulus when transmitting the electric current 
asrendingly than transmitting it descendingly. 

ii) Convulsive movements. It was noted that the catfish stimulated 
by the descending current show convulsive movements but no swimming 
locomotion. While, on the contrary, the ascending current causes swimming 
locomotion and very seldom (only two fish out of 33) shows convulsive 
movements. The eases which showed convulsive movement but no swim¬ 
ming locomotion wore 107 in descending current and in an ascending current 
those which showed no swimming locomotion were 47 but those which 
showed convulsive movements were only 2 individuals as already stated. 

iii) Reactions to knocking sounds. In Table III are shown many cases 
which showed no swimming locomotion by both ascending (17) and descend¬ 
ing currents (107). To a sound of knocking on the edge of the aquarium 
by the end of a linger, these fish show quite different behaviour whether 
the fish were stimulated by the ascending current or by descending current. 
Nearly all the individuals which were stimulated by the ascending current 
begins to swim by a knocking sound. While those which were stimulated 
by a descending current fails to show swimming locomotion though some 
of them move the pectoral fins slightly. 

The velocity of locomotion produced by a knocking sound appears to 
be (aster than ordinary swimming locomotion produced by an electric 
current. 

iv) Movements of fins. When the catfish is stimulated by gradually 
increased electric current, the dorsal fin is raised at first, and then the 
caudal fin is turned to either left-ward or right-ward. If the intensity of 
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the electric current is farther increased, that is about the intensity with 
which the fish show the convulsive movements, the caudal fin is raised 
by the descending current but is bent down by the ascending current as 
was already noted by Loeb on Amblystoma. 

In general the pectoral fins are folded gradually in accompanying with 
the increased current intensity, but the cases were often found (hat the 
pectoral fins are folded by the ascending current and stretched by the 
descending current. 

v) Manner of swimming locomotion. Whichever direction the fish 
faces at the beginning of the test when the fish swims from an anode to 
a cathode, usually presents a wavy or jumping locomotion while some 
suddenly shakes their head. All these actions appear to indicate painful 
sensation felt by the fish. On the other hand when the fish turns its 
direction of swimming from a cathode to an anode it swims comparatively 
in easy manner and the unnatural manner of locomotion mentioned above 
is no more to be seen. 

The easiest manner of swimming is seen also when the fish turns its 
body vertically to the stream lines of the electric current. This is due 
probably since when the fish swims vertically to the stream lines, the 
voltage which acts on the fish is very much decreased than when the 
fish turns parallel to the stream lines. 

GALVANOTAXIS OF THE CATFISH WITHOUT UPPER BARRELS 

Normally the catfish stretches the upper barbels backwardly but if 
stimulated by the electric current the barbels arc stretched forcwardly 
before swimming locomotion starts. In other to test that if barbels wore 
cut off, how the fish would react to the electric current, the following 
experiments using three fish of different body length were tried by the 
method already stated. 

The directions of locomotion were not much modified by the absence 
of barbels though when the fishes became weaker the instances of no¬ 
locomotion appeared more frequently. 

IV. GENERAL CONSIDERATIONS 

1* E * Blasius and F. Schweizer (1893) found that Cyprinus carpio , 
Cobits fossillis, Anguilla vulgaris and 8 other species of fish showed positive 
galvanotropism. The same phenomenon is seen with the catfish, Parasilurus 
asotus , but at the same time the catfish show stronger nature of forcwarcl 
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locomotion, and in manv eases the fish swimmed along the equipotential 
linos such as M. Okada (102.3) observed with the goldfish. This kind of 
locomotion lastly mentioned is considered to he identical with the so-called 
oscillolasis hy Sciikminzky (1921). 

2. Already M. Okada (1923), K. and l\ Schfminzky (1931), and W. 
Hoi-zkk (1932) have found that there are constant relation between the 
current intensity and the body length of the fish, that is the smaller the 
fish, the higher is the values of Vo/L. 

The relation just stated is also true with the catfish of smaller size 
(about 11 cm. to 23 cm.), hut the relation is very much disturbed with 
individuals of larger size (about 27 cm. to 30 cm ) due probably from their 
sedentary behaviour. 

3. On the manner of reactions of the fish to an electric current, F. 
and F Sciikminzky (1931) sav that “ Schwache Strbmc sind unwirksam ; 
von einer gowissen («ronz,stromst:irko an vvird die Stromschlicssung durch 
cine Bewegung des ganzen Tiorcs, (lurch cine Zuckung oder dcrglcichen 
- je nach der Art des 'I’ieres markiert (erstc lleaktion), bei starkeren 
Striimen tritt wiihrend d<T Stromflusszeit eine gegen die Elektroden ge- 
richtete Bewegung auf (Elektrotaxis), bei noeh starkeren eine Lahmung 
(Elektronarkose). ” Such four kinds of reaction are also seen in the cat¬ 
fish. 

Schkminkky have found the ratio of the values of a current density 
between “ erstc Roakt ion ” and “ Elektrotaxis ” is 1 : 1.5 in Phoxinus laevis, 
and 1 : fi.fi in Coitus gobio. Wo found with Parasilurus asotus that the 
ratio was 1 : 1.45 with the descending current and 1 : 1.77 with the ascend¬ 
ing current. 

4. In 'fable V various values taken from several species of fishes are 
compared with our own data taken from the cattish. 

In Table V, it is seen that Parasilurus asotus gives higher values of 
Vo/I. than that given by Cyprintis carpio and goldfish to such an extent 
that the former gives about 4 to 7 times higher than in the later in 
the first reactions. Although the catfish shows about the same values of 
current density as Phoxinus laevis and Coitus gobio for the first reactions 
but for the galvanotaxis, the former differs conspicuously from the latter. 
The reason for such a great difference is difficult to explain. Perhaps 
the difference may be due to the differences of methods used rather than 
the differences of species or of their body length. 

5. The intensity of currents used for producing the swimming locomo¬ 
tion is too strong when compared with the intensity of the earth current; 
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Table V. 

The reactions of fish to electric current. 





First reaction 

Galvanotaxis 


Species name 


L in cm. 

' Vo/L in 

m L A 

Vo/L m 

m L A 





Millivolts 

Millivolts 


Cyprinus carpio 

1 

0.6-11.0 

13-50 





Goldfish 

2 

1.0-12.0 

27-60 





FBoxmus Iaevis 

4 | 

1.5- 7.5 j 


0.13-0.19 


1.28-3.30 


Cottus gobio 

5 

6.0- 8.7 


0.14-0.18 

L_ _I 


0.89-1.20 


Parasilurus asotus 



i 90-205 

0.069 O.lofi! 

l 

85-256 

0.039-0.214 

A 

o 

<L> 

_ 

13.0-30.2 

94-214 

71-310 

i 

0.063-0.258j 

D 


0.074-0.175, 


(1) and (2) after M Okada 

(4) and (5) after F. and F. Sciieminzky 

A .ascending cuirent. D .^descending current 


the value which may seldom exceed 100 millivolts per 50 metres. But it 
will be interesting to cite here a few examples of experiment which show 
an occurrence of galvanotaxis with the minimum intensity of the electric- 
current. 


Body length. 

V 

Vo/L 

M.A. 

3 

20.0 cm. 

6.60 

0.066 

1.10 

0.046 

20.5 cm. 

4.13 

0.041 

0.78 

0.033 


In this connection we wish to emphasize the following facts strongly: 
that is the purpose of the present experiment was to determine the threshold 
values of electrical intensity in order to induce swimming movement to the 
catfish forcibly and not the observation of swimming by their own will. 
Indeed the catfish do swim without any artificial stimulus applied or in 
some cases the catfish stubbornly refuse to swim even when many times 
stronger electrical stimulus than the vaules given in the present report 
applied (See also Table III for number of cases the catfish do not show 
any movement). Therefore the fact that the catfish needed far more 
intense stimulus in order to induce the movement than that of the natural 
earth currents, can not be taken literally as meaning that the fish can not 
react to the weaker electrical stimulus such as the values given by the 
earth-current. Quite contrary, as several authors have already found the 
catfish is perhaps one of the most sensitive fish and responds to as small 
current as one microampere. Parker (1917) and Uzuka (1934) demon- 
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strafed that the electrolytes dissolved from the surface of thin metal rods 
an' sufficiently stimulative' to induce the catfish to the movement of barbels, 
and fins and even the entire body either towards or away Irom the rods. 
Ivokubo (1934) noticed the ratfish show “ jumping reaction ” with as small 
quantity of electricity as 0.0125 microampere per square mm. winch means 
that the catfish can jump by nearly the same order of magnitude of electrical 
cunent as with the natural earth currents. 

SUMMARY 

1. The catfish, Paiasi/urus a solus exhibits four different kinds of 

reactions in succession to gradually increasing electric currents: (1) the 

movement of upper barbels or fins, (2) swimming locomotion, (3) electro- 
narcosis and finally (4) death. 

2. When the catfish is stimulated by the electric current repeatedly 
in short mleivals, the values for producing the galvanotaxic reaction tend 
to increase with the repetition. 

3. The shorter the body length, the higher is the values of Vo/L, 
but beyond certain length, this relation is not clearly shown due probably 
to the sedentary life of older catfish. 

d. Essentially the catfish show positive galvanotaxis, but there are 
many individuals that swim along the equipotcntial lines. 

5. (i) In order to product' the same kind of reactions much higher 

values of current intensity is required when the fish is stimulated m an 
ascending direction than in a descending direction. 

(ii) The eases of no-locomotion art' far more frequent when the current 
was passed deseendingly than asecndingly. The convulsive movements 
occur more frequently in association with the descending current. 

(iii) Nearly all of the fishes showed swimming locomotion by a knock¬ 

ing while transmissing the current aseendingly hut rarely the descending 
current. » 

(iv) The caudal fin is uplifted by the ascending current and bent down 
by the descending current. Though the pectoral fins are folded usually 
by both ascending and descending currents some fold the fins in the 
ascending current and stretch it in the descending current. 

(v) The swimming of catfish toward an anode appears more natural 
than toward a cathod and still more natural when swimming along the 
oquipotential lines. 
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In my previous paper (1933), the author showed that the body fluid 
obtained from a rut of the test of an aseidian, Chdyosoma siboja Oka, 
living in Mutsu-Bay presents a high acidic reaction due to the presence 
of free sulfuric acid. The acid was demonstrated chiefly by the determina¬ 
tion of the anions, related to acid and by the electrometric titration of the 
original body fluid, plasma and the corpuscle fluid. The concentration of 
the acidify was found to be 4„‘W; (piI 0.38) in the corpuscle, 1 . 896 in the 
body fluid and 0.13'/ (pH 1.80) in the plasma respectively. The ratios* 
of S(),/(l wore estimated to be 20,14 (freezed) or 333.7 (diluted) in the 
corpuscle fluid, 1.86 in the body fluid and 0.231 in the plasma, as in 
contrast to 0.1158 in the sea water. It was further found that the values 
of the osmotic, pressure is almost the same as the surrounding sea water. 

Those results obtained from our aseidian differed from that obtained 
by Hknzk (1911/1912) from the blood of the other aseidian, Phallusia 
mammilla la , found in (he Mediterranean. 

In regard to the inorganic composition of Phallusia manmillata , Henze 
(1912) gave the following results. 

Chemical composition of the blood of Phallusia manmillata . 

Gram in 100 ee. 



Plasma 

Corpuscle 

Naples sea water 

ICO 

0.0562 

_ 

0.0514 

CaO 

0.0651 


0.0660 

MgO 

0.2299 

— 

0.2322 

Cl 

2.2612 

— 

2.1732 

SO, 

0.1297 

— 

0.2546 

so.,/Cl 

J 

0.0558 

2.14 

2.55 

0.1171 

2.20 


Contribution from the Murine Biological Station, Asamushi, Aomori-ken. No. 119. 
am greatly indebted to Prof. S. Hatai in reading and criticizing the manuscript. 
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As the table shows, Henze performed neither the sodium determination 
in the plasma nor on the chemical composition of the corpuscle fluid, but 
merely showed a relative concentration of SO./( I to be 2.55. 

In this paper, the present author atcmpts to determine the distribution 
of the ions both in the plasma and in the corpuscle of the asndian, 
Chelyosoma siboja Oka which was markedly different from the sea water. 
Special attention was given to the distribution of the ions within and 
without the cell in the corpuscle cell at the high concentration of sulfuric 
acid. This ascidian gave special advantage for the purpose of this study 
because of the large quantity of the corpuscles which could be obtained 
in such quantity as it reaches 40-30 96 in volume together with the large 
quantity of the cell sap. This work was undertaken partly at J he Asamushi 
Marine Biological Station and partly at The Biological Insitute in Sendai. 


METHOD AND TECHNIQUE 

The fresh ascidia were collected during the month of July Irom the 
sea, and cleaned of the foreign objects attached to the body surface. 
Then the animal was cut at the ridge on the posterior end of the test 
near the exhalent syphon and the body fluid containing the corpuscle was 
gently squeezed out. The body fluid thus collected yielded about 800 e.c. 
from 60 individuals. The volume of the corpuscle was measured bv the 
centrifugarization for 20 minutes at 3000 r p.m. 

The chemical analysis was carried out on the body fluid, the plasma 
and the corpuscle fluid. The first 50 c.c of the body fluid was diluted 
10-fold in the volumetric flask. The remaining body fluid was centri- 
fugarized, then the supernatant fluid thus separated was used for analysis 
of the plasma fluid. After sucking up the plasma the corpuscle was 
obtained from the sediment by again centrifugarizing (or 30 minutes or 
more, in order to remove as much as possible the plasma fluid which 
adhered to the corpuscle surface. 

The washing of the corpuscle can not be performed with the isotonic 
salt solution as is usually applied in order to avoid the diffusion o( the 
acid from the corpuscle into the plasma. 

One part of the corpuscle mass thus obtained was diluted ten times 
with distilled water in the volumetric flask while the another part of 
the corpuscles was frozen by the cooling mixture of ice and common salt 
in stirring often with the glass rod. The freezing process was repeated 
three titties by melting each time placing die bottle in warm water. This 
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process produces complete plasmolysis of the corpuscle cell and the stroma 
was removed by centnfugari/ing. The sea water used for comparison was 
collected at the same place where the materials were found. The analyses 
were carried out by the following methods, sodium by the method of 
Kramer and (httlhman, potassium for Kramer and Tisdall. Calcium 
by ( lark-C olip modification of the Kramer and Tisdall method, magne¬ 
sium by Denis method, chlorine by Wiiiteiiorn or Volhard method and 
inorganic sulphate by Kahn and Leiboff method. The benzidin sulphate 
was titrated volumctrically with 0.02 N. NaOH instead of by the colon- 
metric method. 

Total acidity was determined by the titration with 0.1 N. NaOH by 
phonolphtalein. 

The protein m the ascidian fluid was removed by precipitating with 
tungustic acid by the method ol Folin and Wu or by the treating with 
20% tritdiloracotic acid. 


I EXPERIMENTAL RESULTS 

In this experiment, the volume of the corpuscle contained in the ascidian 
body fluid was 30%, while fluid content of the corpuscle itself was 90%, 
the remaining 10%; being represented by the sedimented stroma. 

The freezing point depression was 1.85 in the plasma and 2.05 in the 

Table 1. 

Inorganic composition of ascidian fluids and of Asamushi sea water . 

Gram in 1000 c.c. 



Asamushi 


Ascidian fluid 



I flasma 

Body fluid 

Corpuscle 

(diluted) 

Corpuscle 

(freezed) 

sea water 

cv 

19, at! 

17.38 

12.62 

2.66 

2.30 

Na* 

10.(10 

10.48 

7. (i() 

3.22 

1.25 

K* 

0.40 

0.53 

0.70 

1.68 

2.30 

CV* 

, 0.4*25 

0.465 

0.567 

0.736 

*0.061 

Mg** 

1.33 

1.01 

0.73 

0.15 

0.15 

SO," 

2.71 

4.74 

18.04 

41.65 

43.17 

IP 

— 

0.034 N. 

0.267 N. 

0.711N 

0.738 N. 

A 

1.95 

1.85 

— 

— 

2.05 


l The amount of the frozen eoipuscle-fluid is less than that found in the ten-times 
diluted solution of the corpuscle Less amount of calcium here found may be due to 
the presence of sulfuric acid, forming a precipitation of calcium sulfate. 
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corpuscle fluid, while that of the Asamushi sea water was at 1.95. 

The analyses of the ascidia together with that of the sea water arc 
shown in Table 1. 

As will be seen from the above table, comparing, the SO, content of 
ascidian fluids in all cases is always greater than the acidity calculated 
from the normality titrated by the standard alkali. The dilference between 
the inorganic SO, and acid SO, contained in sulfuric acid may represent 
the amount of non-acid SO.,. The relation just stated is shown in Table 2. 

Table 2. 



Plasma 

Body fluid 

Corpuscle 

(diluted) 

Corpuscle 
(fi oozed) 

Inorganic S0 4 

4.74 

18.04j 

41.65 

43.17 

Acid S0 4 

0.034 N. = 1.63 

0.267 N .-12 83 

0.711 N.-=34.15 

0.738 N. 35.45 

Non-acid SO 4 

3.11 

5.21 

7.50 

7.72 


As will be seen in Table 2, SO, in the ascidian fluid exists in two 
states, which behave as non-acid SO, and as the acid SO,. Non-acid SO, 
is less concentrated than that of acid-SO,. The amount of the non-acid 
SO, which was found in the ascidian is always greater than that found 
in the sea water. 

The value of SO, and the values of other inorganic components given 


Table 3. 

Composition of ascidian fluids and Asamushi sea water 
expressed as gram ion. 



Asamushi 


Ascidian fluid 



sea water 

Plasma 

Body fluid 

Corpuscle 

(diluted) 

Coipusele 
(freezed) 

CP 

0.546 

0.490 

0.356 

0.075 

0.065 

Na* 

0.474 

0.456 

0.334 

0.053 

0.054 

K* 

0.010 

0.014 

0.018 

0.043 

0.059 

Ca" 

0,011 

0.012 

0.014 

0.018 

0.002 

Mg** . 

0.055 

0.042 

0.030 

0.006 

0.006 

SO/' 

0.028 

0.032 

0.054 

0.078 

0.080 

Acid-SO/' 

; — 

0,017 

0.134 

0.356 

0.369 

H* 

— 

0.034 

0.267 

0.711 

0.738 

Total 

1 

1.124 

1.097 

1.207 

1.340 

1.373 
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Table 4. 

Gram ionic proportion of ascidian fluids and Asamush sea water 
expressed as percentage of Cl. 



! Asamuslu 

I 

Ascidian fluids 



sea water 

Plasma 

Body fluid 

Corpuscle i 
(diluted) 

Corpuscle 

(freezed) 

Cl' 

100.00 

100.00 

100.00 

100.00 

100.00 

Na" 

80.81 

95.00 

98.82 

70.67 

88.08 

K’ 

i.8:i 

2.80 

! 

5 00 

57.88 

90.77 

Ca" 

2.02 1 

2.45 

8.98 

24.00 

8 08 

Mg'* 

10.07 

8.57 

8.41! 

8.00 

9 25 

SO/' 

5.1;: 

0.58 

tr, 17 

lot .00 

128 08 

Aod-SO," 

— 

8.47 

.‘17.01 

474.07 

567.09 

IE 


0.91 

75 00 

948.00 

1185.58 


in Tabic 1 arc compared with those of the sea water with respect to the 
gram ionic concentration as well as the gram ionic proportion which is 
expressed as percentage of Cl in Table 3 and 4. 


GENERAL REMARKS 

The amount of sodium, magnesium and chlorine in sea water are nearly 
identical with that found in the plasma, but are very considerably less in 
the corpuscle fluid, though the amount of potassium and that of calcium 
arc much concentrated. The amount of acid SO, in the corpuscle, is ab¬ 
solutely greater than that in the other fluids and sea water. Furthermore 
the amount of the non-acid SO, in the corpuscle is 2.77 (diluted) or 2.86 
(freezed) times greater than in sea water. It is also evident, as will be 
seen from Table 3 and 4, that a greater fraction of SO., in the corpuscle 
exists in the form of sulfuric acid. The sulfuric acid in the corpuscle fluid 
may serve in maintaining the osmotic pressure similar to the osmotic pres¬ 
sure of sea water and of plasma which is regulated chiefly by the NaCl. 

The general feature of the distribution of the various ions in the 
plasma is also different from sea water in such a way that sodium, 
magnesium and chlorine are slightly less but potassium, calcium and both 
acid and non-acid SO, are greater in the plasma than in the sea water. 

The amount of various ions in the body fluid, stands between those 
found in the plasma and in the corpuscle fluid. The acidity determined 
in the present work, gives lower value, eg. 0.738 N. in the corpuscle fluid. 
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and also 0 267 N. in the body fluid, than that given in the previous work 
(0.88 N. m the corpuscle fluid, 0.360 in the body fluid). On the contrary 
the acidity given by the plasma (0.034 N) is higher than that found in 
the previous work (0.027 N.). 

One of the sources of such difference might be due Lo the diffusion 
of acid from the corpuscle cell into the plasma, while collecting larger 
quantity of the sample fluid for analysis. 

The results obtained in this experiment, differ somewhat from those 
obtained by Henze who, however, analysed the plasma of Phallusia 
mammillata, but not the corpuscle. 

The data obtained by Henze were calculated from his published results 
for the purpose of direct comparison with the present experiment and are 
shown in Table 5. 


Table 5. 


Gram in 1000 

c.c 

Gram ionic concentration 

Gram ionic 

proportion 


Naples 
sea water 

Plasma 

Naples 
sea water 

Plasma 

Naples 
sea water 

Plasma 

CK 

21.732 

22.612 

0.613 

0.638 

100.00 

100.00 

Na* 

— 

— 

_ 

_ 

__ 


K* 

0.427 

0.467 

0.011 

0 012 

1.79 

1.88 

Ca“ 

0.472 

0.465 

0.012 

0.012 

1.90 

1,88 

Mg" 

1.400 

1.390 

0.058 

0.057 

9.40 

8.97 

SO/" 

3.055 

1.560 

0.032 

0.016 

5.22 

2.51 

A i 

1 

2.20 

2.14 






The amount of chlorine found by Henze from the plasma is higher 
than that found in Chelyosoma siboja, but less in non-acid SO,, and Oa. 

On the other hand, acid SO, was absent in Henze’s analysis of Phallusia 
mammillata. 


SUMMARY 

■ It is evident from the above experiment that free sulfuric acid is 
accumulated in a larger quantity in the corpuscle than Na, Mg and Cl, 
in spite of the facts that Na and Cl are greatly predominated in the 
liquid media, sea water and plasma, which bathe the corpuscle cells. In 
this connection, it may be noted that non-acid SO, is found to be relatively 
highly concentrated as also with K and Ca. 
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The plasma of Chclyosoma sihoja appears to be different from that of 
the blood of Phalluma mammillata as the later lacks acid SO, and less 
concentration of non-acid SO, and Ca in the plasma. Whether or not 
this difference may partly be due to the presence or absence of the dif¬ 
ferent kinds of corpuscle cells m the body fluid of the two kinds of as¬ 
cidian used by 1 Iicnzk and by the present author remain to be tested in 
the future. 
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INTRODUCTION 

It is a well-known fact that the sex-ratio varies considerably according 
not only to the species but even in the same species under different con¬ 
ditions such as season, inanition etc. Camssius auratus (L.) is also one 
in which the number of females far exceeds that of the male. That by 
what factors the sex-ratio is determined should lie studied from various 
angles, as for instance, differential death rate, sex inversion etc. I have 
at first attempted to determine whether or not a differential death rate 
in the juvenile and adult period was chiefly responsible, and the results 
of the experiment are shown in this present report. 

The writer offers his sincerest gratitude for the kind instruction and 
encouragement given in this work by Dr. S. Hatal 

MATH RIAL AND METHOD 

According to Bade (’2 d) the silver carp, Carassius vulgaris Nils, lives 
in central Europe and central Asia but the silver carp in Japan belongs 
to Carassius auratus (L.) and is extremely common in rivers, ponds, 
marshes, lakes, and also brackish water. The silver carp is easily distin¬ 
guishable from the generaly known common carp ( Cyprinus carpio L.) 
by its lack of barbels, the number of rays in the dorsal (20 rays), and 
an anal fin (9 rays). 

The body of the silver carp exhibits olive colour except for the ventral 
part which is white in colour. The length of body reaches sometimes as 
long as 30 cm. According to Sasaki (’26) the silver carp lay eggs several 
times during the months from May to July. 

Carassius auratus used in the present experiment are those obtained 
from Oedo-bori, a small creek about 1.5 m. wide and 0.5 m. deep, in 
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Harano-machi, Sendai, caught at random with a fine net. The fishes thus 
obtained were kept for 2-3 days before use in an aquarium. For the 
experiment the fishes of over two month old were used. 

I have tested the relative survival power keeping the fish under 0 3 - 
defficiency condition and also under various concentrations of NaCl-solution. 
The fishes were kept in a glass jar of 1 litre volume which was filled with 
tap-water. To make 0 2 -defficiency condition the surface «>1 water was 
covered 1 cm. thick with liquid paraffin. During the course of the experi¬ 
ment the fishes were not fed at all but I may mention that Carassius 
auratus can survive for a considerably longer period without food. 

The sexes, if the fishes were over two month old, can he distinguished 
by the colour of their gonads even with the naked eye; the gonad of a 
female in an early stage is transparent, for somewhat matured stage light 
yellow and m the wholly matured stage orange yellow together with a 
granular appearance. On the contrary in the case of males their gonads 
are milky white at all stages of maturation. 


RESULT 

Survival power of males and females of Carassius 
auratus in the water. 

1) 5, 10, 15, 20 young Carassius (4-7 cm. in total length) were kept 
separately in four glass jars filled with 4 litres of tap-water. I he water 
was covered 1 cm. thick with liquid paraffin. The same experiment was 
repeated several times. The results of the experiment are shown in 
Tables 1-4. 

Table 1 . 

5 fishes in each jar filled with water , the surface of which is 
covered with liquid paraffin . 
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Table 2. 

10 fishes in each jar filled with water ; the surface of which is 
corercd with liquid paraffin. 



Table 2. 

15 fishes in each jar filled with water , the surface of which is 
covered with liquid paraffin. 



Table 4. 

20 fishes in each jar filled with water , the surface of which is 
covered with liquid paraffin . 


1 

; 

1 fours 

: 

l -a 

a r> 

5- 7 

7 9 

9< n 

1 

Sex 





i 

Number 

! 

a 

95 

79 

ao 

i 

1 a 

of fishes 

! $ 

0 

7 

14 

0 

i 1 

'totals of 

JJ 

« 

:iS0 

47*1 

240 

:io 

survival 

hour 

t 

« 

ys 

84 

48 

1° 

Sin vivo l 
hour per 

T 

1 "S 






fish 

6 







19 ai 

21 -Hit 

2a-25 

25-27 

137-29 

Total 

a 

a 

1 

1 

1 

219 

0 

a 

0 

0 

0 

31 

(JO 

66 

24 

26 

28 

1334 

0 

GO 

0 

0 

0 

236 

6.09 

7.6 


2) 2, 5, 10, 15, 20 adult Carassius were kept separately in each jar 
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which was filled with 4 litres tap-water covered 1 cm. thick with liquid 
paraffin. The results are shown in Tables 5-9. 


Table 5. 

3 fishes in each jar filled with water , the surface of which is 
covered with liquid paraffin . 



' . Hours 










10-15 

15-20 

20-25 

25-30 

30-35 

35-40 

40-45 

Total 


Sex ' . 









Number of 

4- 

36 

77 

43 

13 

0 

3 

0 

172 

fishes 

: $ 

8 

23 

13 

12 

1 

7 

2 

06 

Totals of sur¬ 

1 + i 

450 

1347.5 

967.5 

357.5 

0 

112.5 

0 

3235 

vival hour 

1 * 

100 

402.5 

292.5 

330 

32.5 

262.5 

85 

1505 

Survival hour 









18.8 

per fish 

1 £ 

1 







22.8 


Table 6. 

5 fishes in each jar filled with water , the surface of which is 
covered with liquid paraffin. 



v Hours 





-- 





Sex \ 

5-10 

10-15 

15-20 

20-25 

o 

r 

O 

<71 

30-35 

35-40 

Total 

Number of 

4- 

13 

7 

17 

27 

9 

1 

3 

77 

fishes 

t 

0 

0 

7 

5 

0 

0 

0 

12 

Totals of sur¬ 

' -f 

97.5 

87.5 

297.5 

607.5 

247.5 

32.5 

112.5 

1482.5 

vival hour 

Survival hour 
per fish 

t 

4- 

t 

0 

0 

122.5 

112.5 

0 

0 

0 ! 

235 

19.25 

19.58 


Table 7. 

10 fishes in each jar filled with water , the surface of which is 
covered with liquid paraffin . 


" Hours 

2-5 

5-8 

8-11 


1 

17-20 

20-23 

23 26 

Total 

i Sex 

Number of 4- 

10 

12 

3 


1 

7 

9 

42 

fishes - $ 

i 

0 

0 

2 


0 

0 

0 

2 

Totals of sur- | 4- 

35 

78 

28.6 


18.5 

150.5 

220.5 

531 

vival hour 1 £ 

0 

0 

19 


0 

0 

0 

19 

Survival hour j 4- 
per fish £ 







i 

12,6 

9.5 
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Table 8. 

15 fishes in each jar filled with water, the surface of which is 
corercd with liquid paraffin. 



1 lout s 

3 5 

5-7 

7-9 

9-11 

Total 


Sex 






Number of fishes 

-?- 

t 

57 

0 

33 

0 

11 

0 

0 

0 

103 

2 

Totals of mii viva! hour 

-?- 

228 

198 

88 

20 

534 

$ 

8 

0 

0 

0 

8 

Survival hour per fish 

-? 





5.18 

4.0 


Table 9. 

20 fishes in each jar filled with water, the surface of which is 
covered with liquid paraffin. 



1 louis 

1-8 

3-5 

5-7 

7-9 

9-11 

Total 


Sex 







Numbei of fishes 

t 

17 

0 

03 

1 

31 

2 

3 

0 

1 

0 

115 

Totals of smvival hour 

t 

84 

0 

252 

4 

186 

12 

24 

0 

10 

0 

506 

16 

Survival hour per fish 

t 






4.4 

5.3 


The survival hour per fish in each lest above given is shown graphically 
in Figure 1 (Based on Tables I 9). 


Survival power of males and females of Carassius auratus in 
the. sodium chloride solution. 

1) Young Carassius. 10 fishes were kept in each jar filled with 4 
litres of tap-water in NaCl-solution of various concentrations. The tap- 
water was used as a solvent and the concentrations were equivalent to 
0.3 mol, 0.25 mol, and 0.2 mol were tested and the results of the experi¬ 
ment are shown in Tables 10-12. 
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Table 10. 

10 fishes in each jar filled with 0.3 mol solution of Nad. 
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Table LI. 

10 fishes in each jar filled with 0,25 mol solution of NaCL 



Table 12. 

10 fishes in each jar filled with 0.2 mol solution of NaCL 
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2) Adult Carassius. 10 fishes were kept in each jar filled with 4 
litres of lap-water in NaOksolution of various concentrations. The tap- 
water was used as a solvent and the concentrations were equivalent to 
0.32 mol, 0.3 mol, and 0.25 mol were tested and the results of the 
experiment are shown in Tables 13-15. 


Table 13. 


10 fishes in each jar filled with 0.32 mol solution of NaCL 


Numbei of fishes 


Totals of survival hour 


Survival hour per fish 


1 lours 

0 1.5 

1.5-8.0 

8.0-4.5 
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Table 14. 

10 fishes in each jar filled ivith 0 3 mol solution of NaCl 




ho wing the survival power of male and female fishes kept in 


Fig. 2. SI 

NaCl-solution < 


coi 
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'Faulk 15. 

10 fishes in each jai filled with 0.25 mol solution of NaCl 



Figure 2 (Based on Tables 10 15). 

Carassi us ait rat us and its sex-ratio. 

Sasaki (’20) who examined the sex-ratio in Carassius auratus Irom 
extensive mat< v nals has shown that the sex-ratio varies regularly with the 
si/es ol the fishes 

2182 fishes collected by the present writer at random at Harano-machi, 
Sendai (Apnl-Deeomber 1928) gave the sex-ratio 16.55 £ : 100 -Y-, while 
llcS<S fishes collected in Saga, Kyushu during October 1933 gave the sex- 
ratio 8(>.<36 t : 100 Y. 

In the latei all fish m one pond were collected and the relation between 
the sex-ratio and body length was as follows: 


Body length in cm. 

No. of £ to each 100-?- 

Actual 

t 

No. 

-?■ 

1 to 7 

■15.8 

27:1 

591 

7 to K) 

21.3 

32 

150 

10 to 15 

20.4 

17 

83 

If) - 

0 

0 

14 


The relation presently found generally agrees with that found by 
Sasaki; that is the number of males per 100 females diminishes pro¬ 
gressively with the increasing size of the fishes. 

Ova-conlaming testis in Carassius auratus. 

The gonads of the male of Carassius auratus as was already mentioned, 
exhibit milky white coloration irrespective of the sizes of fishes. While 
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examining the gonads in connection with the present experiments 1 found 
some male fishes which gonads showed light milky while but much lighter 
than the usual male gonads. Microscopical examination revealed that the 
male gonad contained also a number of ova. 



Fig. 3 Section of the ova-contaming testis ( x 100) 

In the picture (Fig. 3) the groups of spermatozoa wall be noticed in 
the central part of the gonad and ova containing much deutoplasm. Both 
the fish measured 10 cm. in body length. 

DISCUSSION 

Since the present experiments were carried during April and December 
1933, the temperature of water naturally showed marked difference. How¬ 
ever all the fishes in each jar were kept under the same condition thus 
the alteration of temperature however large can be neglected as far as 
its effects on males and females are concerned. 

Contrary to the expectation, the males of young Carassvus showed 
definitely greater survival or resisting power than that shown by females 
against harmful environmental factors as presently tested. 

It follows from the above, that we can not explain the preponderance 
of the females over the males by differential death rate, so far as the 
results of the present experiment are concerned. 
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Whether the presence of the ova-conlaining testis in Carassius auratus, 
showed the process of sox inversion as observed in Xiphophorus, Triton , 
Rana , and Bufo can not be said definitely, however, at least this fact 
suggests strongly a worlh-whileness of further research along this line in 
solution of extraordinary sex-ratio such as seen with the silver carp. 


SUMMARY 

1) The sex-ratio of Carassius auratus diverges considerably from 1 £ : 
I -$* ratio. 

2) Its sex-ratio changes regularly with the size of Carassius auratus. 

3) Survival powers of males are greater against harmful environmental 
factors than females in young Carassius. 

•!•) There is practically no difference in survival powers against harmful 
environmental factors of males and females in adult Carassius. 

5) The “ ova-containing testes ” were found in two young Carassius 
auratus. 
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notes on the relation between the moulting, the 

SEXUAL MATURATION AND THE LIGHT PERIOD IN 
ZOSTEROPS PALPEBROSA JAPONICA' 1 

B\ 

Hosiumako Miyazaki 

Biological institute, TShoKu Imperial Umvcmty, Sendai, Japan 
(Received October 22, 1934) 

In my previous paper 0 , it has been slated that the sexual maturity of 
Zosicrops palpebrosa japomca can be repeated at least three times a year 
by the prolongation of the daily period by using the light of an electric 
lamp. Actually, the third “ Yogai ” was begun on December 1, 1932, 
before completion of the moulting, m order to test how the “Yogai” 
would affect the moulting of the birds. 

In Japan, among owners of pet birds, it is commonly known that the 
moulting appears inevitably after the stoppage of the “ Yogai ”, and occurs 
normally and regularly, especially in a short period when the bird has 
been kept in a dim place even in the daytime, but that if a bird, which 
was ready to begin moulting, were put in a too bright place in the day¬ 
time 4 , or in a corner of a lighted room in the evening (owing to carelessness 
or ignorance that the bird was being exposed to an imperfect “ Yogai ”), 
the moulting is prolonged and finishes very indistinctly, even after the 
stoppage of (he “ Yogm”. Owners of pet birds used therefore to keep 
the birds in a place as dark as possible every evening after the “ Yogai” 
had slopped, for (Ik 4 purpose of avoiding the prolonged and indistinct 
moulting, because they always hope to have graceful and well-shaped birds. 

In (Ik 4 case of (Ik 4 third “Yogai” mentioned above, as expected, the 
number of falling feathers decreased after a few days from the beginning 
of the “ Yogai ”, and a few birds apparently ceased moulting. But I 
mentioned nothing about this phenomenon in my previous paper, because 
1 wished to re-examine the stoppage of the moulting and to report the 
result of more exact observation. 

O The writer acknowledges his obligation to Prof. E Nomura for the publication of 
this paper 

^MlYAZAKr, II. 1934. On the Relation of the Daily Period to the Sexual Matuiation 
and to the Moulting of Zostcrops palpebrosa japonicu. Sei. Repts. Tdhoku Imp. Umv., 
Biology, Vol IX, Nos. 2 & 3, Pp. 184-203 
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The re-examination was carried out in my own laboratory in the city 
Kawagoe, Saitama-Ken, my native place. All the birds used for this 
part of the experiment were the same as those which were used in the 
preceding experiment mentioned in the third section of my previous paper, 
and were those which were exposed to the “ Yogai ’ beginning on De¬ 
cember 1, 1933, and which were transferred there from Sendai on April 
18, 1934. In this case of this group of the birds, the “Yogai” was 
discontinued on June 1. As the result, the moulting began about ten 
days later. 

It may be stated here as an interesting incident that five pairs of birds 
were allowed to escape from the bird cages on June 20. Unexpectedly, 
on the very day of the escape, one pair of them began to make their 
nest in a tree in the neighbourhood of my laboratory, with their plumage 
still in the process of moulting. About a week later four eggs were laid 
in this nest successively one every day. However, too frequent peeping 
into the nest, on my part owing to my desire to observe them thoroughly, 
caused a movement of this pair elsewhere out of sight. I could not 
determine decisively, therefore, whether the eggs were fertilized or un¬ 
fertilized, even though it was most probable, from the direct observation 
of the blastodiscs, that the eggs were not fertilized. Any how, from this 
fact, it has been accurately ascertained that the gonad of this pair, and 
especially the ovary, was no longer in the stage of decreasing activity. 

The “Yogai” was begun again for the remaining birds on June 25. 
The number of the falling feathers diminished considerably at the begin¬ 
ning of July. A few birds apparently stopped moulting, but the majority 
of them are continuing very slowly a prolonged and indistinct moulting 
even until to-day, September 19. By this date, the health of the birds 
has been remarkably impaired, the colour of their plumage having lost 
brightness. But the testes are still capable of sperm formation, even 
though their size seems to me a little smaller than that of the full mature 
specimens. 

I am now in doubt whether the degree of sexual maturation of the 
gonad began at once to diminish in the transitional period from the second 
“ Yogai ” to the third, as stated in the first section of my previous paper. 
If the diminution to this degree were not the case, the sexual maturation, 
which appeared m the second and third “Yogai”, must be perfectly 
continuous, and also in the present experiment, the sexual maturation 
which may finish at the beginning of June may be continuous with that 
in July. Yet, from the point of view that the degree of sexual maturation 
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is lower alter the stoppage of the “ Yogai ” (compare Fig. 5 with Figs. 
17, 19 and 21 in my previous paper), it may be stated that the full-sexual 
maturation can he regained artificially at least three times a year, and this 
fact ('specially becomes most reliable when we consider the one case in 
July of lh<' present experiment. 

According to a statement made by an owner of pet birds, a bird, 
which finished its moulting in June after a “Yogai” had ceased, under¬ 
went the natural moulting at the end of September, which is the regular 
period. I can say nothing about this phenomenon, as I have no data 
in connexion with it. 




NOTE ON THE CHANGES OCCURRING IN THE BODY OF 
THE MALE NEWT (TRITURUS PYRRHOGASTER) 
DURING THE BREEDING SEASON 

m 

Koso Nagasaka 

Biological hobo!at0111, Takasahi Middle School, Takasaki, Japan 
(With Philo XT and JO text-figures'i 
(Received November 5, 19,‘M) 

In the present paper I shall deal with some of the secondary sexual 
characters of the male of Tr it urns pyrrhogasler (Roik), a kind of newt 
very common in Japan. 

In 1930 Ukki published an article entitled “ On the Sexual Differences 
in (he Newt, Die mud plus pyrrhogasfer (Rom) ” and in this paper he 
alluded to (he prominent morphological differences according to sex- 
Among these differences which he pointed out, we notice the following: 

“ In the males, the patroid glands and lateral glandular ridges develop 
especially during the sexually active period, and the vent not only swells 
but also many hair-like processes grow temporarily on its inside. In the 
sexual season the male is beautifully multicolored, contrary to the simple 
black or brown-black colour of the female. At this period the skin of 
the male becomes soft and velvety and the sex can be distinguished by 
mere touch with the fingers” (Ukki, ’30, p. 147-448). 

His observations wore chiefly done macroscopieally and thus much seems 
to remain (o be studied more precisely. 

The main purpose of the present paper is to observe precisely the 
following facts which will he seen in the male newt during the breeding 
season, viz. I) the change of colour of the body surface, 2) a remark- 
abb' growth of the cheek processes which contain the hedonic gland r 
3) the hair-like processes growing inside of the vent, and 4) the increase 
in length of the narrowed terminal portion of the tail. 

Here I wish to express my sincere thanks to Prof. S. Hozawa, at 
whose suggestion this research was undertaken and under whose helpful 
leading it was carried out 1 wish also to thank Assistant Professors S. 
Nomura and L Motomura for many valuable hints and kind courtesies 
extended to me during the study. 
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MATERIAL AND METHOD 

The newt used m the present study for material were collected at 
several localities distributed in the suburb of Sendai. 

To anaesthetize and kill 'the animal 0.3 per cent solution of ehloretone 
was used and thus good results were obtained. In fixing material lor 
histological purpose I have tried various fluids commonly used. Of the 
skin of the newt it is well-known that to obtain good section is in most 
cases rather difficult. But this difficulty was removed by using Bonin s 
fluid. 

The sections were prepared by paraffin method and were cut 15 /* 
thick. In staining the sections various stains were tried, each being used 
singly or in combination with one or more of the others. Above all, I he 
combination of Heidenhain’s iron-haematoxy 1 in with orange G, and the 
same of Delafield's haematoxylin with eosin were successfully used in most 
cases. To differentiate the elastic tissue from the others, both ol the 
fuchsin-indigo-picnc acid staining and Weigerfs resorcin-1 uch sin combined 
with Van Gieson’s mixture were employed. For the connective tissue, 
Mallory's stain was tried, and for the collagenous tissue Heklenhain’s 
modification of the same was used. Thionin was regarded as a good 
reagent to stain mucous secretion. To trace the nerves distributed inside 
the hair-like appendages in cloaca I have tried Schultze’s method modified 
by Motomura and thus I was able to obtain a good result. For the 
same purpose I tried also the method of vital staining with methylene 
blue, but it was not successful. 

(1) The Change of Colour of the Body Surface. 

Among the secondary sexual characters of the male, newt which will 
appear during the breeding season, the change of coloration of the body 
surface is most remarkable and strongly attracts our attention (PL XI, 
figs. 4, 5, 6). 

In the ordinary season the colour of the male newt is blood red on 
the ventral surface of the body, this colour extending from the tip of the 
mouth to the tail end, and is black in the remaining portion. The blue 
colour is almost not observable m this case, though it is rarely seen only 
in a small area located near the tail end. When the winter is over and 
the spring approaches, the blue colour begins to appear on the body 
surface of the male newt first In the tail region and then on the ventral 
surface of the posterior trunk. The area coloured blue spreads gradually 
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wid<T towards the head and thus in the middle of the breeding season 
it eoveis neuilv all ol th< % body-surface, leaving only the dorsal surJace 
ol the trunk When (In' breeding season is finished the blue colour al)ove 
mentioned begins to disappear In this ease the tail which was coloured 
first loses its colour very lab' while the head which was coloured later 
will lade first 

(2) The Cheek Processes 

During the breeding season a remarkable growth of the cheek processes 
take place in the male newt (PI. XI, figs. 4, 5). Each of these processes 
projects horizontally and outwardly from the posterior corner of the head 
and they contain numerous glands (Text-fig. L, g/. gm ). These processes 
measure only 2 2 mm in breadth m ordinary season, while in the breeding 
season it becomes nearly twice as big. The minute structures of these 
cheek processes may he mentioned below 7 . 

(a) The epidermis. The epidermis (Text-figs. L and 2, ep ) consists of 
from two to about seven cell-layers, the cell-layer which is in contact with 
the dermis is composed of columnar cells forming the gorrmnative layer. 
Several cell-layers which come to the next namely the germinative layer 
consist of polygonal cells and form the stratum mucosum. 

One or two cell-layers lying outside of the' stratum mucosum are 
composed of flattened cells. The outermost cell-layer of the epidermis is 
composed of cornified cells and this layer will be stripped off during the 
moulting. 

(b) The deimis. The dermis (Text-fig. 2) may be divided into three 
layers, viz,, the outer compact layer (drnd), the intermediate spongy layer 
(drmf 0 and I he inner compact layer (drmf"). 

The outer layer is very compact in structure and the connective-tissue 
fibres composing lids layer run in most cases parallel to the surface of 
the body, but sometimes some of these fibies run perpendicularly to the 
body surface distributing among the glands. 

The intermediate sponge layer is chiefly composed of loosely woven 
bundles of connective-tissue fibres (f. its. con.) The fibre-bundles run 
lather irregulary taking various directions. This layer also contains many 
lymph spaces distributed irregularly. 

The inner compact layer is not very compact as in the case of the 
outer layer. 

The most of the connective-tissue fibre bundles which constitute the 
bulk of this layer run parallel to the body surface while some of these 
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bundles run rather irregularly without regard to the orientation 

Of these three layers above mentioned the intermediate layer is superior 
in thickness to any of the remaining two, and becomes specially thick 
during the breeding season. The fact that the cheek processes of the 
male newt become very voluminous during the breeding season is due to 
the increase of the thickness of the connective tissue layer (tis. con) of 



f. tis con 


Text-fig. 1 The cheek process of the male newt in the hi ceding season. A 
section cut through underneath the epidermis and parallel to the oulci surface 
of the process (x70'. ep -epidermis, chr -chromatophorc\ pi. gnu gnmulur 
gland, f. tis. con. — connective tissue fibre. 

the intermediate layer ( drm"). The other two layers oi tins dermis do 
not increase their thickness even in the breeding season and thus they 
remain almost constant through all seasons 

(c) The blood supply. A large vessel enters into the inner layer oi 
the dermis (Text-fig. 2, drm"') taking the course first outwards along the 
mid axis of the process, and then it turns backwards parallel to the body 
axis giving off many branches on its way. Many capillaries (Text-fig. 2, 
cap.) may be found between the epidermis and the outer compact layer 
of the dermis, but the outer layer of the dermis is supplied with only a 
small number of these capillaries. 

(d) The pigment. A thick layer of pigments (Text-figs. 1, 2, chr.) is 
deposited in the outer compact layer of the dermis, though they do not 
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lonn a complete continuous sheet. In addition to the above, a small 
number of pigment cells aie lound in both of the stratum mucosum and 
the stratum gernunativum. The same kind ol cells arc scattered among 
the outer and intermediate layers ol the dermis. 



Toxt-fjg 2. Cross-section of lho cheek process of the male newt in the 
breeding season < x80) blood capillary; chr. chromatophore; drrnf m 

outer compact layer of dermis, drm // - intermediate spongy layer of dermis; 

- inner compact Uiyer of dermis; ap. epidermis; gL grn .-granular 
gland; la, cot. cp. - cornificd epidermal layer; mu.- muscle, nu cl con.- nuc¬ 
leus of connective-tissue filin'; nv gta. - nucleus oi granular cell, sp. lym 
lymph space; Mr. gin. granuhn secretion; bis, con -connective tissue 

(e) The nerve. (Concerning the nerves which supply these structures 
wo may say that a large nerve fibre bundle comes into the middle layer 
of the dermis and then it divides into many small branches which distribute 
in all parts of the process. 

(f) The elastic tissue. To stain the elastic tissue I have tried Wei- 
gert’s resorciu-fuchsin combined with Van Gieson’s mixture. Thus the 
elastic fibre, connective-tissue and muscles were stained black, red and 
yellow respectively. 
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The elastic fibres which may be found everywhere in the dermis run 
in most cases parallel to the connective-tissue bundles, but they rarely 
intercross with others forming irregular networks. Each of these elastic 
fibres is divided into many branches and these branches thus formed may 
be found very numerously m the inner compact layer of dermis. 1 he 
elastic fibres occur very abundantly in the intermediate spongy layer and 
are superior m quantity to the connective-tissue fibres. 

(g) The gland . A large number of glands exist in the dermis (lext- 
figs 1 and 2, gl. grn). They are of the simple alveolar type (Text-fig. 
3) and are distributed between the outer and the intermediate layer of 



Text-fig. 3 Median longitudinal section of a well-developed 
granular gland of the male newt. (x300). alv.~ alveolus, cl. ml - 
inteicalary cell; dt -duct; lu /f -lumen of gianular gland; nu cl. ml. 

-nucleus of inteicalary cell, nu gia giant nucleus, see ppn -gra¬ 
nular secretion. 

the dermis. These glands have been divided by several writers into three 1 
groups after their characteristics viz. 1) the large granular or poisonous 
gland, 2) the small mucous gland and 3) the gland of mixed type, that 
is partly granular and partly mucous According to this designation, the 
gland of this case should belong to the first group for the following 
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reasons: 1) there exist smooth muscles surrounding the gland, while 

there are no such muscles in the case of the gland of mucous type; 2) 
the secretion mass from this gland takes the ordinary plasm stains very 
readily, showing always some decided colour. Practically, the content of 
this gland was stained red or dark purple with Mallory’s mixture and 
yellow with Van Gieson’s stain. 

But it is never affected by the basic stains as safranin, fuchsm etc., 
as in the case of the contents of the gland of the mucous type. On the 
contrary, the gland found in each hair-like appendage is small and is of 
mucous type and thus its secretion which I will describe later, was stained 
purple by thionin and red by fuchsm. 

Each of the granular glands (gl. g>n.) consists of three parts* the 
duct (ell.), intercalary region (in/.) and alveolous (alv.). The duct is 
cylindrical and measures about 33 ft in length and 13 p in breadth. It 
opens to the exterior passing through first the outer layer of the dermis 
and then the epidermis. The intercalary region is made up of from 8 to 
lb cells arranged in ring-like manner around the base of the duct. The 
boundaries of these cells are not very distinct, and their nuclei are 
elongated oval m shape with their longer and shorter diameter of 13 p 
and 3 p. 

The main body (alv.) of the gland is spherical or somewhat ovoid in 
form, the longer and shorter diameter attaining respectively up to 280 /* 



Text-tig. 4. Longitudinal section of a young granular gland found 
in the cheek process of the male newt m the breeding season Cx300) 
ep. epidermis. 

and 210 p. The entire outer surface of the gland body is covered by 
closely set connective-tissue fibres which are continuous with those of the 
outer and intermediate layers of the dermis. In addition to these con* 
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nective-tissue fibres there may be found, fine elastic fibies too. Inside of 
the said layer of connective-tissue fibres there lies a layer of muscle fibres 
and inside of this comes the epithelium of the gland. The gland alveoli 
(alv.) are completely filled up with dense granular secretion {sec. grn.). 
At the base of each gland cell a number of nuclei may be seen. In 
sections these nuclei look variously shaped, viz. spherical, oval, elongated 
oval, etc. Among these nuclei there exists a very large one which is 
called “giant nucleus” (nu. gia.). It measures about 70 n in its longer 
diameter, and contains many large chromatins. The above descriptions 
may be applied chiefly to the fully-grown glands. Among the fully-grown 
glands we also find those which are not yet fully grown. The latter 
look somewhat different m appearance from the former as shown in text- 
fig. 4. 

The gland above alluded to is holocrine. In some case the cell-wall 
of each gland cell is quite distinct being observed in the basal portion 
of the cell and thus the cell boundary may be rather distinct, while in 
the apical portion of the cell, it is mostly obliterated and thus the. cell¬ 
boundary is very obscure. In other cases, the cell-wall is entire and thus 
it surrounds all the surface of the gland cell 

(3) The Hair-like Appendages found in the Cloaca. 

In 1912 Kukenthal published an article concerning the hair-like ap¬ 
pendages of an African frog, Astylostemus robustus (Bl.GR.). They are 
found only in the male frog during the breeding season and are distributed 
on the flanks of the body and on the thighs of the legs. Each of these' 
appendages is finger-hke in shape and attains a length up to 20 mm. Ex¬ 
ternally it is surrounded by a dark-coloured membrane continuous to the 
skin covering the body and internally there is an axis composed of dense 
connective tissue. Of these hair-like appendages Kukenthai. concluded 
that they are to be regarded as a secondary sexual character of the male 
of this kind of frog. 

In the case of Triturus pyrrhogaster, we notice also hair-1 ike appendages 
resembling in some respects those of the African Hairy frog above men¬ 
tioned. In this case again they are present only in the male, but are 
found in the cloacal cavity, not on the outer surface of the body-skin. 
Differing from the case of the Hairy frog they are seen through all sea¬ 
sons of the year, but they become very distinct in the breeding season 
attaining their maximum length and thus their distal extremities projecting 
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outside of the cloacal aperture. In other seasons of the year they are 
very short, and art' entirely hidden in the interior of the cloacal cavity. 



Text-fig. 5. Tnturus pyrrhogaster. A — Cloacal region of the male m breeding 
season, showing the hair-like appendages (ha. ap.) (ca. X 6). B — The same cut 
sagittally along the median line to show the hair-like appendages (ha. ap ) growing 
inside of the cloacal cavity (ca. x7), C —Cloacal region of the female in the 
breeding season (ca. X 6), D — The same cut sagittally along the median line (ca. x7). 
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When fully grown they are from 0.5 mm. to 2 mm. long by 0.2 mm. thick 
in the middle. Thus it seems to be very reasonable to recognize this 
feature as one of the secondary sexual characters ot the male oE the 
Japanese newt. 

In external appearance the hairlike appendages of the Japanese newt 
are essentially similar to those of the African Hairy lrog, but internally 
there may be noticed some marked differences. Of the hairy appendages 
of the African frog Kukenthal says that the stratum corneum is quite 
distinct though it is not thick, and the epidermal outer layer is made 
up of many longitudinal ridges of epidermal cells, between which are 
found deep longitudinal grooves, which are filled with the cutis tissue. 
He describes elsewhere: “ There is a quite conspicuous blood vessel 
running along the long axis of the cutis papilla and other smaller blood 
vessels are found in the surrounding substance of the cutis. The whole 
papilla is built up of a dense connective tissue, . Chromatophores are 
numerous, being especially abundant at the base of the appendage that 



Text-fig. 6. One of the han-hke appendages growing inside of the 
cloaca of the male newt in the breeding season. External view (ea. 

X 70) chr. - chromatophores. 

there are both nerves and nerve-terminations in these appendages, and that 
therefore they do serve as sensory organs ” “ They (Tactile cells) are 

situated in the grooves between the epidermal ridges. Each of them is 
provided with an axis-cylinder, which ran quite close to the surface of 
the epidermis, but in the cutis tissue beneath it, and were united proximally 
into a common nerve fibre ” (pp. 374-375). 

Of the hairy-appendages of the newt it may be mentioned as follows. 
Each of these appendages (Text-fig. 5, A and B and text-figs. 6, 7, 8 
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and 9) is surrounded by a layer of stratum eorneum. The epidermis is 
veiy thick, its thickness being about the hall of the diameter in cross- 
section <>l the appendage and its component cells are arranged irregularly 


<‘<>p 



Text-fig, 7 Median longitudinal section of a hair-like appendage, showing 
the Luhular miaous gland (Xl()(n. cap blood capillary, dvr -ohrolnaiophoio, 
cp. epideimis, pi. mu< -mucous gland, lu -lumen of mucous gland 



gl muc tis. con 

Text-fig. 8. Cioss-section of a hau like appendage (y S25). cap .-blood capil¬ 
lary; chi -ebromatopbore, cm. hi .-blood corpuscle, ep -epidermis; gl. muc.- 
mucous gland; la. ho -horny layer; nu -nucleus; Os*, con -connective tissue. 
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in from one to five layers. The demarcation of these cells are rather 
distinct. Nuclei are somewhat ovoicl measuring about 18/' in length by 
8 fJ- thick. 

The chromatophores (< chr .) are very numerous, being iound beneath 
the epidermis. Thus the pigment they contain makes it very difficult to 
observe the minute internal structure of the appendage, especially in order 
to trace the nerve fibres. 

A large tubular mucous gland (Text-figs. 7 and 8, gZ. me.) runs longi¬ 
tudinally along the axis of the appendage, its proximal end being com¬ 
municated with the pelvic gland. Thus this gland is but the prolongation 
of a branch rising from the pelvic gland. The gland consists of mcrocrine 

cells arranged in single or two 
layers enclosing the lumen 
which opens to the exterior by 
means of an opening provided 
at the tip of the appendage. 
The limits between these gland 
cells are observable and their 
irregularly shaped nuclei are 
also clearly visible. The mitotic 
nuclear division was rarely ob¬ 
served in the case of these 
gland cells The secretion of 
this gland appears to be fibrous 
when observed in the fixed 
material. The content of this 
gland may be stained blue 
by Mallory’s connective-! issue 
staining, red by Weigert’s staining combined with that of Van Gieson, 
and purple with thionin. This secretion may not be stained with Heklen- 
hain’s iron-haematoxylin, while it becomes blue stained by Delafiold’s 
haematoxylin. Two or three blood capillaries run longitudinally inserted 
between the pigment layer and the outer wall of the mucous gland. Their 
extremities are traceable to a point located a little distant from the tip 
of the appendage. 

The connective-tissue layer is very thin, lying between the pigment 
layer and the outer wall of the mucous gland. 

To trace the nerves distributing the appendage (Text-fig. 10, [hr. n.) 9 
Cajals and Bielschowsky’s methods were tried, but good results were not 



la. ho li/ chr 


Text-fig 9 Photograph of a section cut slightly 
obliquely through the terminal portion of a hair- 
like appendage, showing the internal lumen of 
the duct of the mucous gland and the external 
opening of the duct (x 170' chr.- chromatophoro, 
dL -duct of mucous gland, ep.- epidermis; la ho 
-horny layer; Ivf - lumen of mucous gland, op.- 
opening of the duct of mucous gland. 
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obtained, but in applying Motom lira’s method^ I was successful in finding 
some nerve fibres which enter the appendage from its base and run along 



i 

fbr. n 


Text-fig. 10 A photograph showing the nerve fibres distributing 
in the hair-hke appendage (x90(L cht - chromatophore, [hr n - 
nerve fibre. 


the inner side of the pigment layer. These nerve fibres seem to have 
arisen from the fifteenth spinal nerve. 

('oncoming the function of these liairly appendages I can not conclude 
definitely, but judging from the facts 1 noticed that a great number of 


L Srmu/rzu’s method modified by Motomura to obtain paraffin section. 
The procedure is as follows 


1. 

2 . 
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spermatozoa adhere to the outer surface of the appendages and the same 
were seen involved m the mucous secretion of the appendage, 1 may 
safely say that this structure will be profitably used to retain the sperma¬ 
tozoa until the chance of fertilization comes. 

(4) The Increase in Length of the Narrowed Terminal 
Portion of the Tail. 

The fact that the narrowed terminal portion of the tail of the male 
newt will be increased in length during the breeding season, was formally 
observed by K. Tago in the case of the same kind of newt. He says 
that the length increased is from 8 mm. to 10 mm. But in the case of 
my own observation it was from only 1.5 mm. to 6 mm. 

In the act of courtship, the male newt first bends his tail toward the 
female and then shakes it fairly rapidly, thus the narrowed terminal por¬ 
tion of the tail touches the neck of the female and gives some mechanical 
stimulation to the female. 


SUMMARY 

In the following, the most remarkable changes which occur in the 
body of the male Tnturus pyrrhogaster will be summarized. These changes 
occur only in the male and moreover only during the breeding season and 
thus they may be looked upon as the secondary sexual characteristics of 
this kind of newt. 

L During the heeding season a blue colour will appear nearly all 
over the surface of the body excepting for the dorsal surface of the trunk. 
The colour begins to appear when the hibernation is finished and it be¬ 
comes very distinct and beautiful at the climax of the breeding season. 
When the breeding season is ended, this blue colour will gradually dis¬ 
appear. Thus it seems to be quite reasonable to mention that this beautiful 
colour is of sexual meaning, being utilized by the male newt as a mean 
of attracting the female. 

2. During the breeding season, the hair-like appendages which are 
found inside the vent will grow markedly and thus their length will be 
nearly doubled. They are thought to be the projections of the skin and 
are covered by a very thick epithelium continuous to that of the skin. 
Each of these processes contains inside a large tubular mucous gland, 
chromatophores arranged in layers, a small quantity of connective-tissue, 
a small number of blood capillaries, etc. 
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A number of fine nerve fibres were observed distributed inside of each 
process. I he function of these structures may be assumed to be sexual. 
1 he mucous secretion which they produce will protect the spermatozoa 
involved in it until the chance of Icrlilization will visit them and moreover 
will activate their motion in performing the fertilization 

1 he cheek processes will grow enormously and will become very 
voluminous during the breeding season. It is due to a very rapid increase 
of the connective-tissue contained inside of the process. In the interior of 
this process there are found a great number of granular gland. 

The cheek process may also be assumed to be sexual. It seems to 
give some mechanical stimulation to the female by touching it to the 
body of the latter. 

4. During the breeding season the terminal portion of the tail which 
is much narrower than the other portion will be distinctly prolonged, 
dins prolongation of the tail end seems also to be of sexual meaning, 
being utilized by the male in giving some mechanical stimulation to the 
female. 
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EXPLANATION OF PLATE XI. 

Tnturus pyrrhogaster in the breeding season, showing the secondary sexual 
characters. 

Fig. 1. The female; dorsal view (natural size) 

Fig. 2. The same; ventral view (natuial size). 

Fig. 3. The same; lateral view (natural size) 

Fig. 4. The male, ventral view (natural size). 

Fig 5. The same, dorsal view (natural size). 

Fig 6. The same, lateral view (natural size). 
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in 1927, Kawamoto contributed an article concerning the anatomy 
of Cnudinn chi lends (J. Muller) and in that article he mentioned that 
(he eoelomie cavity of this animal opens to the exterior by means of five 
canals, each of which having the external openings placed at the inner 
hast 1 of each anal papilla. To these canals he has given the name of 
coelo-anal canals. 

In my previous paper published in 1922, I dealt with the anatomy ot 
the young forms of the same, species and reported that the coelo-anal canals 
mentioned by Kawamoto were not found in that case. In his personal 
correspondence Dr. Gerould has given me the following notice that my 
failure to find the coelo-anal canal is in line with the idea expressed to 
him by Prof. II. L. Clark that it is a lesion, the artificial result of 
injury, when found in the adult. 

In the present paper I should like to deal with the morphology of 
the anus of this kind of animal and to take the so-called coelo-anal canals 
into special consideration. 

OBSERVATION AND DISCUSSION 

I have observed the tail end of this kind o( Caudina of the individuals 
of various stages preparing the sections cut crosswise and longitudinally* 

Aproaehing the anus each of the radial water canals increases its 
caribre (fig. 2) and there it gives off one or two very small branches on 
each side (fig. 1). The main trunk of the radial water canal enters 
finally into the central (primary) anal papilla, while each of the small 
branches above mentioned enters into each of the lateral (secondary or 
tertiary) papillae (fig* 1). These side branches are in the form of very 
short and narrow canals and thus it is rather hard to observe them 
even under high magnification. 
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In the case of the fully grown anal papillae which ampullae were 
called as circumnal ampullae by Dendy (1898), the cavity of each ampulla 

is continuous with that found in 
the interior of each papilla, but 
in the case of the papilla not fully 
grown the cavity of each ampulla 
remains only in the form of an 
oval sack. These papillae, not fully 
grown, correspond to the rudimen¬ 
tary ambulacra which were reported 
by Gerould (1898) in the case of 
Caudina arenata. The number of 
the anal papillae is rather variable 
m the individuals of various growths 
(Table I), but it is certain that five 
papillae will appear at some stage 
during the life of this animal, each 
being placed in the position of each 
radius. 

In the case of Molpadia roretzii 
(von Marenzeixer), we find fifteen 
anal papillae, three of them occurring in each radius (Table II). In adilion 
to these anal papillae we notice five anal teeth, each of which is placed 
in each radius (fig. 3, at). 

I have appended here two tables showing the number of anal papillae 
and of the so-called coelo-anal canals found in various stages of growth 
in the cases of Caudina chilensis and of Molpadia roretzii . I should like 
to mention that these individuals with damaged tail end arc not included 
in these tables. 

In the case of Caudina chilensis the longitudinal muscle hands of the 
body gradually diminish their thickness towards the tail end and when 
they arrive at the point where the radial water canal is swollen (fig. 5) 
the separation into two halves becomes rather obscure. Finally they join 
the longitudinal muscle fibres found in the inner wall of the circular anal 
cavity (fig. 2). The outer wall of the circular anal cavity where the 
longitudinal muscle bands do not exist is built up by circular muscle fibres 
distributed in the form of a band and surrounds the circular anal cavity 
(fig. 2, cmb). 

The circular anal cavity (Text-fig. 2, cac)) which surrounds the anus is 


he 



Fig. 1 Caudina chilensis . Cioss sec¬ 
tion to show the radial watei canal bran¬ 
ching at the posterior end. Adult. X 150. 
cap ln circumnal ampulla of the primary anal 
papilla; cap 2 , the same of the secondary 
one; caps, the same of the tertiaiy one, 
he, hyponeuial canal, rwc, i a dial water 
canal 
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Table II." 
Molpadia rorelzh 
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Fig. 2. Caudina chilensis Longitudinal section ol 
the tail end Specimen about 50 mm long XlOO ap, 
anal papilla; c, coelom; ca, eneumnal ampulla, vac, 
circular anal cavity; cc, coelo-anal canal, cmb , circular 
muscle band; Imb , longitudinal muscle band; Imf, 
longitudinal muscle fibres; rwc, radial water canal 



cac 


Fig. d. Molpadia miotzii. Long¬ 
itudinal section o( the lull end. 
Adult, y50 ap, anal papilla; at, 
anal tooth; me, circular anal cavity. 


separated and differentiated from the coelom and has not any communi¬ 
cation with it. However, we often notice a number of blood corpuscles 
gathering in this cavity. The circular anal cavity seems to have some 
relation to the movements performed by the anus m opening and closing. 
In the case of Caudina chilensis the said cavity is more fully developed 

*In these tables, the figures (1), (2), (5) denote the number of the rudimonlaiy anal 
papillae and the figure d’ denotes the so-called coelo-anal canal which is on the way of 
formation; for instance, ‘l,4d’ denotes that there exists one so-called coelo-anal canal and 
4 of those which are on the way of formation 
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in the young form of over 20 mm. body length than in the adult. The 
author has observed the same kind of cavity also in the cases of Molpadia 
ronizii (fig. 3, car) and of some other species belonging to the genus 
Caudina (lig. 4, car). In the 
ease of Caudina arenala (5k- 
uoiiij) so illustrated a cavity 
which seems to correspond to 
this circular anal cavity (Gk- 
rould 1890, PI. f, Fig. 50). 

Now I shall deal with the 
structures which were called 
by Kawamoto as coelo-anal 
canals. Kaeh of these canals 
opens into the anus by means 
ol an orfiee situated at the' 
inner base of each anal papilla 
in radial position and in other 
words in the eloacal wall located 
anterior to the circular anal 
cavity (lig. 2, ee). In the 
specimens of over 30 mm. body length, 1 have observed that the cloaca 
is surrounded by a wall of uniform thickness and there is not found 



Fig. 4 Caudina sp. Longitudinal section oi 
the tail end Adult. X HO vac, < lrcubu anal 
cavity, cc, coelo-anal canal 


Imb rwc 



rpew 


Fig 5 Caudina chilensis Cio&s sec¬ 
tion to show the so-called coelo-anal canal 
developing Adult x60 Imb , longitudinal 
muscle hand; rpew, indial portion of the 
cloaca) wall; rwc, jadial water canal 



cc 


Fig. 6. Caudina diilensis Cross sec¬ 
tion to show the so-called coelo-anal canal. 
Specimen about 100 mm. long x60. cc, 
coelo-anal canal 
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any orfice through which the cloaca communicates with the coelom. But 
we often notice cases where a part of the cloacal wall placed in radial 
position is pushed towards the cloacal cavity in the lorm ol a hollow 
process and thus the wall covering that process becomes very thin (fig. 
5, rpciv) and that it is finally perforated leaving a canal in that place 
(fig. 6, cc). This canal thus formed may be a so-called coelo-anal canal 
and the number of these canals varies from one to five according to the 
case (Table I). The said canal is very narrow and is often filled up with 
blood corpuscles gathered there. The I act that in the young specimen 
of less than 30 mm. body length there do not exist so-called coelo-anal 
canals was already mentioned in my previous report. 

We can easily imagine the pressure which will be produced by the 
body fluid contained in the coelom when the animal suddenly contracts 
under some condition. It can be easily imagined again that the pressure 
thus produced will influence the wall of the cloaca at some radial position 
and as a result there will be formed so-called coelo-anal canals in such a 
manner as mentioned above. The interradial area of the cloacal wall is 
not broken even when it is influenced by such pressure as above mentioned 
from the reason that this area is strong enough being attached by the 
radial cloacal muscles connecting the cloacal wall with the body wall. 
In ordinary cases the so-called coelo-anal canal thus formed will be closed 
first by the coagulation of the blood and then it will gradually disappear 
in advance with the regeneration of the cloacal wall. 

I did not find the so-called coelo-anal canal in the case of Molpadia 
roretzii (Table II) but in the case of other species of Caudina , already 
mentioned, I was able to find the same structure (fig. I<, cc). 

We occasionally observe that the captured Caudina discharges its blood 
from the posterior end of the tail. In this case the blood is that discharged 
from the coelom passing through either the so-called coelo-anal canals or 
the five pores formed at its posterior end by some damage added to the 
tail end and the amount of blood discharged from the so-called coelo-anal 
canals should be rather small compared with that from the five pores 
above mentioned. 

In Caudina chilensis we often meet with individuals with their so-called 
coelo-anal canals not yet completely formed but it is rather rare to meet 
with individuals provided with these canals completed (Table I). At any 
rate it seems to be highly probable that the so-called coelo-anal is a lesion 
caused by some pressure originated from the body fluid and is not the 
result of artificial injury. 
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SUMMARY 

1. The circular anal cavity exists in the anal region of Caudina 
chilemis , Molpadia roretzii , and a species belonging to the genus Caudina 
which specific name is not determinable. This cavity seems to have some 
relation with the movement performed by the anus in the cases of these 
Holothurians 

2. The so-called coelo-anal canal is lormed occasionally in the case 
of Caudina chtlensis of over 30 mm. body length. It seems to be a 
lesion formed by some pressure wich occurred in the body fluid of the 
Holothurian. 

3. In Caudina chilemis the blood is often discharged from the coelom 
through five pores which were formed by the damage given to the tail 
end but sometimes it is discharged also through the so-called coelo-anal 
canals. 
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A) MORE ABOUT THE DELAYED GERMINATION AND THE 
LONGEVITY OF THE SEED 

For several years, the author has been engaged in the study of Euryale 
ferox Sausb., and has already reported about the delayed germination of 
the seed 0 . It has been established so far, along with other facts, that 
the seeds of Euryale ripen in the autumn towards October in this country, 
that they cannot germinate in the same period, that the germination per¬ 
cent is either nil or extremely low, if any, in the first spring directly 
following the harvest, that the majority of the seeds sprout in the second 
spring (i. e. after the lapse of about eighteen to twenty months from the 
time of the harvest), and that those then remaining dormant continue to 
be highly refractory to germinative conditions. In the course of time, 
some of these dormant seeds become infected by microbes and disintegrate. 
The majority of them are, however, quite resistant and their potential of 
germination remains uninjured for several years, which fact is easily con¬ 
ceivable from the sporadic germination of these stubborn seeds. 

Now, the question naturally arises how long they can keep the viability 
under the ordinary condition of stratification. Concerning this point, exact 
records available are not very numerous so far 2) . So that it was planned, 
in 1927, to keep a record of the germination of the Euryale seeds brought 
to the laboratory. In the summer of 1931, the author went abroad and 
was absent until the beginning of 1934, and the study was accordingly 
discontinued during this period, regardless of his eager desire to keep 

O Okada, Y. 1925. On the germination of Euryale ferox Salisb. Bot. Mag., Tokyo, 
vol. 39, pp. 133-141. Do 1930. Study of Euryale ferox Salisb. V. Sci. Rep., Tdhoku Imp. 
Umv, 4 ser, vol. 5, pp. 41-116. 

2 ) For instance, the present author had occasion to observe the case of a dormant period 
of about three and a half years with an Euryale seed stratified in mud saturated with water. 
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on recording uninterruptedly. It was only after his return to Sendai that 
the seeds were again brought under observation. Towards the beginning 
of the summer of 1934, it was noticed that some of the seeds remaining 
dormant through these few years, began to mobilize, of which (he records 
are given below. 
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Seeds of Nos. 715, 8052 and 8054 were kepi under water at room temperature 
Those of the other lots were stratified m mud saturated with water The containers 
for Nos. 800 and TK863 were placed inside of a window facing south, and Nos, 000 
A and 900 B were kept m an c Osakamuro 7 (a kind <>l covered space, not artificially 
heated). 

L Germination due to the forcing effect of temporary refrigeration, an exceptional 
case 2 5 Seeds of larger size, more than 10 mm wide across. ^ Seeds of smaller sue, 
less than 10 mm wide across. 

It is much to be regretted that the history of these lots of seeds for 
the period from 1931 to 1933 remains unknown. However, it is estab¬ 
lished at least that the seeds of Euryale keep their germinability for a 
period not less than six years and a half if they arc properly stratified 
under water. 


B'i DISTRIBUTION IN JAPAN 

In the geological period, the genus Euryale was presumably growing 
in Europe as well, although completely extinct there at present. Fossils 
of plants closely related to the living species so far have been discovered 
in several localities in Europe, e. g. Euryale limbttrgensis from pliocene 
stratum of Tegelen 0 , and Euryale europaea from interglacial deposit at 
Likhvin in Kaluga”. In the present age, however, their natural habitat 

Encycl Brit., 1911. 11 Ed. vol. 20, p 555. 

Weber, C. A. 1907 Euryale europaea , nov. sp foss. Ber. Dout. Bol. Ges„ vol. 25, pn. 
150-457. 
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is limited to southern Asia, and especially to the tropical and subtropical 
regions. They are found growing wild from India in the south to as far 



Distribution of Euryale in Japan, 
represents the locality where the plant is found to grow wild. 
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as Manchuria m the north 0 . 

In our country, the range of their distribution covers the islands of 
Taiwan (Formosa), Kyusyu, Shikoku and Honsyu. In Hokkaido we have 
not yet any locality reported. The northern limit of the distribution seems 
to correspond to about 38° 30' N on the Pacific coast and 37" 65' N on 
the Japan Sea coast. 

In order to have a bird’s-eye-view of the geographical distribution in 
Japan, the author tried to plot all of the localities so far in his knowledge, 
on a chart which is inserted here. This is not intended to represent in 
any way the area occupied by the plant, nor the density of the vegetation, 
as exhaustive information concerning them is not available in the present 
circumstance. As for the names of these localities, the author considers 
it more appropriate to give them in detail elsewhere in Japanese, lor it 
is a matter of but local interest. 

C) RECORD OF A GIGANTIC LEAF 

Euryale ferox is well known as the plant bearing the largest leaf in 
our country. Naturally the species is subject to radical variations, some 
producing leaves of remarkable size, while others produce those of minor 
dimension. There is among them one especial species growing wild in 
Toyama Prefecture that may be called almost gigantic (not only are the 
leaves gigantic, but so also are other organs of the plants of this race, 
and some statistical studies were formerly reported about this race as 
compared with plants of other localities) 10 . 

In 1928, the author measured in Zyunitycigata, Toyama Prefecture, a 
leaf 1.91 meters wide, which was reported in this journal with photographs 11 '. 
In 1933, the growth of Euryale. in the said locality was exceedingly 
luxuriant and some leaves surpassed 2 meters in diameter. The largest 
one which measured 2.42 meters (—8 ‘syaku’ in Japanese unit) wide was 
photographed by Mr. Matoba, formerly village-master there. This example 
seems to be one of the largest leaves ever recorded in our country, and 
may even rival Victoria regia in the dimension of the leaf surface. The 
photograph inserted here is a reproduction from the original by Mr. 

^ Regel, E. 1862. Tentamen Florae Ussuriensis. Mem Acad, St. Petersb. 7 ser., tome 
4, n 1 4, pp. 15-16. Komarov, V. L 1901-07. Flora Manchuriae (TransL Jap. vol. 3, fuse. 
2, p. 4, 1927-33). 

Okada, Y. 1928. Study of Euryale ferox Salisb. I, II. Sa. Rep., T6hoku Imp. lJmv. r 
4 ser., vol. 3, p 271, p. 581. 

3 ) Okada, Y. 1929. Study of Euryale ferox Samsb. IV. Ibid, vol 4, p. 361. 
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Matoba lor whose kind permission the author wishes to express his cor¬ 
dial acknowledgement. 


EXPLANATION OF PLATE XII. 

Gigantu loaf of Euryale ferox Sausb 

Overlying on the leaf surface is a measuring pole which serves to show the 
dimension of the leaf. One division of the pole coriesponds to one e syaku ’ or 0.303 
meters. Aug. 27, 1933, H. Matoba photo 




Soi. Hop , Tohoku Imp. Univ., Sor. IV, Vol. IX, PL XII. 
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